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PREFACE. 


THEBE  is  at  preeeut  no  sanitary  subject  of  more  general 
interest,  or  attracting  more  general  attention,  than  that 
relating  to  the  abundance  and  wholesomeness  of  domestic  water 
supplies. 

Each  citizen  of  a  densely  populated  municipality  must  of 
necessity  be  personally  interested  in  either  its  physiological  or 
its  financial  bearing,  or  in  both.  Each  closely  settled  town  and 
city  must  give  the  subject  earnest  consideration  early  in  its  ex- 
istence. 

At  the  close  of  the  year  1875,  fifty  of  the  chief  cities  of  the 
American  Union  had  provided  themselves  with  public  water  sup- 
plies at  an  aggregate  cost  of  not  less  than  ninety-five  million 
dollars,  and  two  hundred  and  fifty  lesser  cities  and  towns  were 
also  provided  with  liberal  public  water  supplies  at  an  aggregate 
cost  of  not  less  than  fifty-five  million  dollars. 

The  amount  of  capital  annually  invested  in  newly  inaugurated 
water-works  is  already  a  large  sum,  and  is  increasing,  yet  the 
entire  American  literature  relating  to  water-supply  engineering 
exists,  as  yet,  almost  wholly  in  reports  upon  individual  works, 
usually  in  pamphlet  form,  and  accessible  each  to  but  compara- 
tively few  of  those  especially  interested  in  the  subject 

Scores  of  municipal  water  commissions  receive  appointment 
each  year  in  the  growing  young  cities  of  the  Union,  who  have  to 
inform  themselves,  and  pass  judgment  upon,  sources  and  systems 
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of  wmier  supply,  which  are  to  become  helpful  or  burdensome  to 
the  commimities  they  are  intended  to  encoarage  accordingly  as 
the  works  proTe  successfal  or  partially  failures. 

The  individual  members  of  these  ^Boards  of  Water  Commis- 
sionergy'*  resident  in  towns  where  water  supplies  upon  an  extended 
scale  are  not  in  operation,  have  rarely  had  opportunity  to  observe 
and  become  familiar  with  the  varied  practical  details  and  appa- 
ratus of  a  water  supply,  or  to  acquaint  themselves  with  even  the 
elomontary  principles  governing  the  design  of  the  several  different 
systems  of  supply,  or  reasons  why  one  system  is  most  advanta- 
giHHis  under  one  set  of  local  cireuoistanees  and  another  system 
is  sui>erior  and  preferable  under  other  circumstances. 

A  numerous  luind  of  engineering  students  are  graduated  each 
year  and  enter  the  field,  many  of  whom  choose  the  specialty  of 
k)/iirauh\\^,  and  soon  discover  that  their  chosen  science  is  great 
antong  the  most  ni>blo  of  the  sciences,  and  that  its  mastery,  in 
th\H>ry  and  pniotiei\  is  a  work  of  many  years  of  studious  acquire- 
nuMU  anil  laln^r.  They  discover  also  that  the  accessible  literature 
of  thoir  profossion,  in  the  English  language,  is  intended  for  the 
olas.s-nH>u)  rathor  than  the  field,  and  that  its  formul»  are  based 
ohiv  ll\  upon  vrrv  limited  philosophical  experiments  of  a  century 
and  uhu\'  iv^o  hut  partially  applicable  to  the  extended  range  of 
mmh^'h  pna»ti(v. 

Anioh^  Ihi'  ohjirts  of  the  author  in  the  compilation  of  the 
t'llowihy.  pioiii'rr  tivalisr  upon  American  Water-works  are,  to 
nup|»»>  wal.r  I'onnuissionors  with  a  genonil  review  of  the  best 
lurilioil;  pnu'tistMl  in  supplying  towns  and  cities  with  water,  and 
\\\\\\  hirls  tind  snir^'i'stions  that  will  ona))lo  them  to  compare  in- 
|olli>i«Mj(lN  (III*  int'rits  ami  objectionable  features  of  the  different 
iH»lai»lt^  wiiirr  .souH'tN  within  tluMr  roaeh  :  to  ]>n^Sfnt  to  junior  and 
^Ml-jhinl  h\»lnnilir  cnirin»'ers  a  (M)ntlrn8tHl  summary  of  those  ele- 
^U^MiliiiN  thiMHvlical  pniM-iplcH  and  the  involvtHl  formulas  adapted 
|^(  IM'»drrn  pnictic-.  which  they  will  have  lVe(iuently  to  apply, 
kuivthcr  with  Home  UHcful  pnietical  ohs'Txation'^ ;  to  construct 
liMt  UMlher,  Cor  tlii'  eonvenienee  i»f  the  older  busy  practitioners. 


leroQS  tables  and  statistics   tliat  will  facilitate   their  calcnla- 

ms,  some  of  which  would  otherwise  cost  them,  in  the-  midot  of 

'ssiug  labors,  ea  they  did  the  author,  a  great  di^at  of  laborious 

,rch  among  rare  and  uot  easily  procurable  scientific  treatises ; 

and  also  to  present  to  civil  engineers  generally  a  concise  reference 

manual,  relating  to  the  hydrology,  hydrodynumics,  and  practical 

construction  of  the  water-HuppIy  hran(.-t]  of  their  profession. 

This  work  is   intended   mure   esimcially   for   those   who  have 
already  had  a  task  assigned   theni,  and   who,  as  commissioner, 
engineer,  or  assistant,  are  to  pi-oceed  at  once  upon  their  recou- 
liaaance  and  surveys,  and  the  preparation  of  plans  for  a  pnhlio 
iter  supply.    To  them  it  is  humbly  submitted,  with  the  hope 
lat  it  will  prove  in  some  degree  useful.     Its  aim  is  to  develop 
le  bases  and  principles  of  construction,  rather  than  to  trace  the 
'origin  of,  or  to  describe  individual  works.     It  is.  therefore,  prac- 
tical in  test,  illustration,  and  arrangement;  but  it  is  hoped  that 
the  earnest,  active  young  workers  will  find  it  in  sympathy  with 
their  mood,  and  a  practical  introduction,  as  well,  to  more  pro- 
nd  and  elegant  treatises  that  unfold  the  highest  delights  of  the 
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Good  design,  which  is  invariably  founded  upon  sound  mathe- 
matical aud  mechanical  theory,  is  a  firat  requisite-  fur  good  and 
judicious  practical  engineering  constmction.  We  present,  there- 
the  formula*,  many  of  tliom  new,  which  theory  and  practical 
Timents  suggest  as  aids  to  preliminary  studies  for  designs, 
id  many  tables  based  npon  tlie  formulas,  which  will  facilitate  the 
of  the  designer,  pnd  be  nseful  as  checks  against  his  own  com- 
itntioDs,  and  we  give  in  addition  such  discusaiona  of  the  elemen- 
■y  principles  upon  which  the  theories  are  founded  as  will  enable 
le  student  to  trace  the  origin  of  each  formula ;  for  a  formula  is 
[ten  a  treacherous  guide  unless  each  of  its  factors  and  ex|>erien(i- 
ient^  are  well  understood.  To  this  end,  the  theoretical  dis 
iBBione  are  in  familiar  language,  and  the  formulas  in  simple  nr- 
igement,  so  that  a  knowledge  of  elementary  mathematics  only 
neoesBory  to  read  and  use  them 
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We  do  by  no  nieaus  intimate,  however,  that  an  acquaintance 
with  elementary  theories  alone  suffices  for  an  accomplished  en- 
gineer. It  is  sometimes  said  that  genius  spurns  rules,  and  it  is 
true  that  untutored  genius  sometimes  grapples  with  and  accom- 
plishes great  and  worthy  deeds,  but  too  often  in  a  bungling 
manner,  not  to  be  imitated. 

In  kindly  spirit  we  urge  the  student  to  bear  in  mind  that  it  is 
the  rigorously  trained  genius  who  oftenest  achieves  mighty  works 
by  methods  at  once  accurate,  economical,  artistic,  and  in  every 
respect  succeessfnl  and  admirable. 

J.  T.  P. 

BoflTON«  Nat&mb&r,  1876. 


PREFACE  TO  THE  FIFTEENTH  EDITION. 

AT  the  time  of  issue  of  the  first  edition  of  this  book  there  wore 

only  about  300  American  cities  and  towns  having  public  water 

supplies.     On  issue  of  this  fifteenth  edition  there  are  about  5000 

complete  public  water  supplies  in  North  America,  that  have  cost 

in  the  aggregate  many  hundred  millions  of  dollars. 

The  first  preface  stated  that  this  book  was  intended  to  aid 
coniniissioners  and  engineers  who  were  to  proceed  at  once  with 
j)lan8  and  constructions  of  water  sup})lies.  That  the  book  found  a 
practical  mission  and  influenced  the  desi^nis  and  constructions  of 
many  public  water  supplies  is  evidenced  by  the  generous  domestic 
and  foroi«^n  purchases  of  the  work.  This  evidence  of  practical  use- 
fulness is  most  gratifying  and  the  kind  reception  of  the  book  in  the 
chiss-room,  the  office  and  the  field  is  highly  appreciated  by  the 
author. 

To  each  successive  edition  have  been  added  useful  new  tables, 
text  and  illustrations,  so  that  the  book  might,  so  far  as  possible  in 
a  general  treatise,  keep  in  progress  with  advances  in  the  art  of 
hydraulic  engineering. 

J.  T.  F. 

Minneapolis,  Minn.,  Sepfember,  1901. 
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SECTION   I. 
OLLECIION  AND  STORAGE  OF  WaTER,  AND  ITS  IMPURITIES 
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1.  Necessity  of  Piiblic  Witter  Supplies.— A  new  or 

a  additional  water  supply  is  an  inevitable  necessity  wlien- 
"ever  and  wherever  a  new  settlement  establishes  itself  in  an 
isolated  pt)sition ;  again  whenever  the  settlement  receives 
any  considei-able  increase ;  and  again  when  it  becomes  a 
lat  metropolis  or  manufacturing  centre. 
In  all  the  wonderful  and  complex  transformations  in 
[Tatore,  in  the  sustenance  of  all  organized  beings,  and  in 
tlie  convenience  atid  delight  of  man,  water  is  appointed  to 
)erform  an  important  and  essential  part, 

life  cannot  long  exist  in  either  plant  or  animal,  unleas 
rater,  in  some  of  its  forms,  is  provided  in  due  qnantity. 
Wholesome  wat^r  is  indispensable  in  the  preparation  of 
all  our  foods  ;  clear  and  soft  water  is  essential  for  promot- 
ing the  cleanliness  and  health  of  onr  bodies ;  and  pure 
water  is  demanded  for  a  great  variety  of  the  operations  of 
(lie  useful  and  mechanic  arts. 
-         a.  PhysiolOfdcal   Office  of  Water. —Of  the  three 

.. 
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to  be  specially  considered,  water ^  has  for  its  physiological 
o£Bce  to  maintain  all  the  tissues  of  the  body  in  healthy 
action. 

If  the  water  received  into  the  system  is  unfit  for  such 
special  duty,  all  the  animal  functions  suffer  and  are  weak- 
ened, air  then  but  partially  clarities  the  blood,  food  then  is 
imperfectly  assimilated,  and  tlie  body  degenerates. 

Vigor  is  essential  to  the  uniform  success  and  happiness 
of  every  individual,  and  strength  and  happiness  of  the 
people  are  essential  to  good  public  morals,  good  public 
government,  and  sound  public  prosperity. 

Sanitary  improvements  are,  therefore,  among  the  first 
and  chief  duties  of  public  oflicers  and  guardians,  and  have 
ever  been  the  objects  of  the  most  earnest  thought  and  labor 
of  great  public  philanthropists. 

3.  Sanitary  Office  of  Public  Water  SiippUes.— 
Water  has  thus  far  proved  the  most  effectual  and  econom 
ical  agent,  as  sanitary  scavenger,  in  the  removal  from  our 
habitations  of  waste  slops  and  sewage,  and  also  the  most 
effectual  ^  and  economical  agency  in  the  protection  of  life 
and  property  from  destruction  by  fire. 

The  necessity  of  a  judiciously  executed  system  of  public 
water- supi)ly  increases  as  the  population  of  a  town  increases; 
as  the  mass  of  buildings  thickens ;  as  the  lauds  upon  which 
the  town  is  built  become  saturated  with  sewage,  and  the 
individual  sources  within  the  towajj^re  polluted;  as  the 
atmosphere  over  and  within  the  town  is  fouled  by  gases 

*  We  need  refer  to  but  one  of  many  experiences,  \iz. :  At  Col  ambus, 
Ohio,  tlie  average  loss  by  fire  for  the  four  years  preceding  the  completion  o( 
the  public  water-works  was  /j/^q  of  one  per  cent,  of  the  valuation.  The  average 
Joss  during  the  first  four  years  after  the  completion  of  the  works  was  ^f^^  and 
iluring  the  fifth  year,  from  April  1, 1875,  to  April  1,  1876,  was  ^^  of  the  valu- 
ation. These  statistics  show  a  ])mbable  saving  in  the  first  four  years  of  upward 
of  one-half  million  dollars,  and  in  five  years  of  more  than  the  entire  cost  of  the 
water-works. 
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(iFing  tliertjfrom  ;  and  as  the  dangi^ra  of  epidemics,  fevers, 
1  fotitugious  diseases  increase. 
•1.  Helpful  Influence  of  Public  Water  Supplies. — 

No  town  or  city  can  submit  to  a  continued  want  of  an 
mli'quate  supply  oi  pure  and  whulesonie  water  without  a 
serioi);:^  check  i:i  its  prosiK;rity. 

Capital  is  always*  wujy  of  inFeatment  where  the  elenieiUh 

of  safet}'  and  liealth  are  lacking,  and  industry  dreads  fre- 

gneiit  failures  and  objectionabk'  quality  in  its  water  supply. 

It  is  true  tiiat  considerations  of  profit  sometimes  indut^e 

B  Rssemhling  of  a  town  where  potable  waters  are  procur- 

Me  with  difficulty,  but  in  such  cases  the  lack  is  sure  to 

■ove  a  growing  hindrance  to  its  pix)speritj',  and  befortj  the 

["town  arrives  at  considerable  magnitude,  its  remedy  will 

present  one  of  the  most  difficult  problems  with  which  its 

municipal  authorities  are  obliged  to  cope. 

^v     In  the  experience  of  all  large  and  thriving  cities,  there 

^^BS  come  a  time  when  an  additional  or  new  and  abundant 

^^■hter  supply  was  a  necessity,  terribly  real,  that  would  imt 

^^B  talked  down,  or  resolved  out  of  existence  by  public 

^^Beetings,  or  wait  for  a  more  convenient  season;  a  time 

^when  it  was  not  jxisaible  for  every  citizen  to  supply  his 

household  or  his  place  of  business  independently,  or  even 

for  a  majority  of  the  citizens  to  do  so.  and  when  prompt, 

lited,  and  systematic  action  must  be  taken  to  ensure  the 

alth,  prosperity,  and  safety  of  the  people.    Such  stern 

scessity  often  appears  to  i>re8ent  difficulties  almost  insnr- 

jtiountable  by  the  available  mechanical  and  financial  re- 

lonrces  of  the  citizens. 

Out  of  such  simple  but  positive  necessities  have  grown 

lie  grandest  illustrations,  in  our  great  public  water  sup 

,  of  the  l>enefit!=  of  co-operative  action,  recorded  in  the 

Us  of  political  economy.     Out  of  such  simple  necessi- 
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tiea  grew  some  of  the  most  magnificent  and  enduring 
structions  of  tlie  powerful  empires  of  the  Middle  Ages,  th^ 
arciiitecturdl  gmudeiir  of  whicli  the  modems   have    n 
attempted  to  sm-pass. 

5.  Miuiieipal  Control  of  Public  Water  Snpplie 
— Tlie  luagnltmlLi  of  the  latwrs  to  be  performed  and  tl 
amount  of  capital  required  to  "be  invpstwl  in  the  construc- 
tion of  a  system  of  water  supplies  invariably  brings  into 
prominence  the  question,  Sliall  the  construction,  operation, 
and  control  of  these  works  be  entrusted  to  private  capital^ 
or  shall  they  be  execnt*'d  under  the  patronage  of  the  mu»i> 
cipal  authorities  and  under  the  direction  of  a  commissitw 
delegated  by  the  people?  The  conclusion  reachi^  in  a 
majority  of  tlie  Amt'rican  cities  has  been  that  the  wi 
ouglit  to  be  conducted  as  public  enterprises.  Tliey  1 
been  believed  to  be  so  intimately  connected  with  the  pubti( 
interests  and  welfare  as  to  be  peculiarly  subjecta  for  pul> 
lie  promotion  ;  and  that,  under  the  direction  of  a  commit 
sion  appointed  by  the  people  to  study  and  comprehend  all 
their  needs,  to  consider,  with  the  aid  of  expert  advice,  anj 
to  suggest  plans,  the  works  would  be  projected  on  such 
liberal  and  comprehensive  scale  as  would  best  fulfil  thg 
objects  desired  to  be  attained,  and  that  tlie  tnie  interests  of 
the  people  would  not  be  subordinated  to  mere  considera* 
tions  of  profit. 

Further,  that  if  the  works  when  complete  were  operated 
under  municipal  care,  their  standanl  and  effectiveness  wodl^ 
more  certainly  be  maintained;  their  extension  into  m 
territory  might  keep  pace  with  and  encourage  the  grow 
of  the  city  ;  tiiey  might  not,  by  excessive  rates,  he  made 
oppress  importiint  industries ;  their  advantages  might  morj 
surely  be  kejit  within  the  nach  of  the  poorer  classes  ;  thej 
Blight  more  economically  lie  applied  to  the  adornment  ot 
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^4be  public  buildings  and  grounds ;  and  that  they  might, 
irheu  judiciously  itlaniit^,  constructed,  and  managed,  be- 
Bme  a  source  of  public  ivvi^nue. 

Nearly  all  the  objects  desirable  to  be  attained  in  a  pub- 
lic water  supply  have,  however,  been  accomplished,  in 
iimnei-ous  instances  that  might  be  cited,  under  the  auspices 
of  private  enterprise. 

ti.  Value  as  an  Investment.— The  necessary  capital 
honestly  applied  to  the  i-onstruction  of  an  intelligently  and 
judiciously  planned  eflVvtive  public  water  supply  has 
almost  invariably  proved,  both  directly  and  indirectly,  »>■ 
iiunerative  investment, 

Jlany,  though  nut  all,  of  our  American  Water-Bupplj 

leports.  show  annual  incomes  from  water-rates  in  exceso 

of  the  combined  annual  operating  expenses  and  interest  or. 

tlie  capital  exjiended.    In  addition  to  this  cash  return,  therf 

^^f^  in  all  cases  benefits  accruing  to  the  public,  usually 

^HEceodiug  in  i-eal  value  tlmt  of  the  more  generally  recog 

^fued  money  income. 

7.  Int'identjVl  Advantages. — The  construction  of  water- 
works is  almost  sure  to  enhance  the  value  of  property  along 
it^  lines,  under  its  protection,  and  availing  of  its  conve- 
iences.     There  is,  also,   a  p-rjietual  reduction  °  in  the 
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rKTratI}-  adopted  Bchedule  of  the  NfttioDal  3r>ard  of  UnderwriUra, 
then?  Bn.-  addition'  tu  p  minltnum  dandard  niU  in  a  standard  dtv.  vliicti  U 
pmtided  with  good  water  snpplT.  Hre  alarm,  police,  etc.,  as  rollown,  termed 
defirienc;  cliarges ; 

Minimtlm  standard  rate  of  insurance  at  a  standatd  bnildlng. .     25  centa. 

If  no  watpr  supply add    15    " 

If  imly  cisterns,  or  equivalent "       10    " 

If  qr>'<^''n  ia  olbcr  than  gravity "       W    " 

If  no  Bre  deimrtment "       25    " 

If  no  polire  orpaniiation. "       05    " 

II  no  balldlng  law  In  force "       05    " 

rlie  GDancial  value  of  ilip  pnbanced  Are  risk.  a«  deduced  by  the  Bnaid  fimn 
(s  of  statiBtics,  ani?  the  addiliona]  pretirium  charged  on  tha 
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yearly  rates  of  insmance.  The  subetitation  of  soft  water 
for  hard  water,  as  almost  all  waters  are,  results  in  a  mate- 
rial redaction  in  the  daily  waste  accompanying  the  prepa 
ration  of  foods,  in  lanndry  and  cleansing  operations,  in  the 
production  of  steam  power,  and  in  many  of  the  processes 
employed  in  the  useful  arts. 

There  are  many  industries,  the  introduction  of  which  are 
of  value  to  a  community,  that  cannot  be  prosecuted  with- 
out the  use  of  tolerably  pure  and  soft  water.  To  save  the 
annual  aggregate  of  labor  required  to  convey  water  from 
wells  into  and  to  the  uppi*r  floors  of  city  tenements  or  resi- 
dences, is  a  matter  of  no  inconsiderable  importance ;  but 
paramount  to  all  these  is  the  value  of  the  sanitary  results 
growing  out  of  the  maintenance  of  health,  and  the  induce- 
ment to  ch^anliness  of  person  and  habitation,  by  the  con- 
venience of  an  abimdance  of  water  delivered  constantly  in 
the  household,  and  the  enhanced  safety  to  human  life  and 
to  property  from  destroying  flames,  accompanying  a  liberal 
distribution  of  public  fire  hydrants  under  adequate  pressure 
throughout  the  populous  districts. 

moet  favorable  buildings,  is  60  per  cent  without  good  water- works,  and  40  pei 
tent,  if  only  fire  cisterns  are  provided. 


CHAPTER 


QUANTITY    OF   WATER   BEQUIRED. 


8.  Statistics  «f  Water  Supplied.— One  of  the  firs! 
iutiea  of  a  Oommissiou  to  whom  hiis  bt'eii  assigned  tlie 
task  of  examiiiing  into  and  reporting  upon  a  proposed 
supply  of  watfr  for  a  commnnity,  is  to  determine  not  only 
what  is  a  wholesome  water,  but  wltat  quantity  of  such 
wholesome  water  will  be  required,  and  adequate  for  ita 
present  and  prospective  uses. 

In  many  cases,  this  pi-oblem  is  parallel  with  the  deter- 
mination of  a  product  from  two  factoi-s,  one  of  whicli  only 
a  kaown  quantity.  Otten  all  facloi-s  nmst  be  assumed. 
The  lotaJ  number  of  inhabitants,  the  total  number  of 
iweUings,  and  the  total  number  of  luanufacturing  and 
imnu-rcial  lirms  can  be  obtain*^  without  great  difficulty, 
id  it  can  safely  be  assum<'d  tiiat  eighty  p'r  cent,  of  all 
witliin  reach  of  a  new  and  iu]i)roved  water  supply 
1  be  among  its  patrons  within  a  few  years  after  the  iutix>- 
iction  of  tiie  new  supply  ;  but  how  much  water  will  be 
required  for  actual  use,  or  will  be  wasted,  per  person,  per 
dwtiUiog,  or  per  firm,  is  always  quite  uncertain, 

Rareiy  can  any  data  wortliy  of  confidence  respecting 
s.^  quimtiti<«  be  obtainitl.    The  practice,  therefore,  gen- 
enUly  is,  to  obtain  statistics  from  towns  lud  cities  already 
snpplied,  and  to  attempt  to  reduce  these  to  some  general 
average  that  will  apply  to  the  case  in  ham). 

t9.  Censuft  Statistics.— In  a  small  portion  of  tlte  wate»> 
iply  reports  there  is  given,  iu  addition  to  the  total  qosib- 
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tity  of  water  supplied,  the  number  of  families  supplied  ;  in 
other  reijorts,  the  number  of  dwellings,  or  the  number  of 
fixtures  of  the  several  classes  supplied,  and  occasional!; 
tlie  population  supplied,  or  the  total  population  of  tlm 
muuicipality. 

In  the  investigations  for  facts  applicable  to  a  new  sup- 
ply, when  information  must  necessarily  be  culled  from 
various  water  reports,  it  is  ofteu  desirable  to  know  the 
populations  of  the  places  from  wliicli  the  n'ports  are  re- 
ceived, their  number  of  families,  persons  to  a  family,  num- 
ber of  dwellings  and  persons  to  a  dwelling,  so  as  to  lie  able 
to  reduce  their  water-supply  data  t^)  a  unifornt  classiflca- 
tion.  "We  then^fore  present  an  abstract  from  the  United 
States  Census  for  tlie  year  1870,  giving  such  iuformatioil; 
respecting  fifty  prominent  Aiuericau  cities,  and  similar  datft 
in  table  No.  la,  for  the  year  188(\ 

TABLE     No      1. 

Population,  Families,  and  Dwellings  in  Fifty  American  Citi: 

in  the  year  1870. 


Albany,  N.Y. 

Allegheny,  Penn 

Baltimore,  Md 

Boston,  Mass. 

Brooklyn,  N.  Y 

Buffalo,  N.  Y 

Cambridge,  Mass. .. 

Charleston,  S.  C 

Charlestown,  Mass. , 

Chicago,  111 

Cincinnati,  Ohio . . . . 


9,4Jj  14,10s  4.92  I  8.748 

3,180  10,147  ,  5-24  8,347 

7.354  49.9-9  '  S-3S  '  4a,3S° 

0,526  48,188  5.10  39,633 

6,099  80,066 1  4.95  45-834 

7,714  22.325!  S-J7  18.285 

9,634  7.897  5.02  6.34S 

B.956  9.098  5.38  6,861 

8.323  6,iss  4-60  4.396 

8,977  59-497  5-f^3  44.6*0 1 

6,239  4^-937  504  24,550 1 


n.l(ii 


weii  t1>«  'inlernt  s\»r  a.s  numbered  from  UrgW 
York,  till-  lirgeet,  bciiiiJ  iimiil:c!rd  I. 
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PVUiTiON,  Etc.,  in  Firry  American  Cities — {Continued ,. 


and,  Ohio  — 
ibus,  Ohio  . . . . 

n,  Ohio. , 

t^  Michigan . . 
tfrer,  Mass. . . 

}rd,  Conn 

lapolis,  Ind. . 
City,  N-J... 
■S  City.  Mo... 

rill4 Y.y  ..'.'. 

I,  Mass 

Mass 

ihis,  Tenn 

ukee.  Wis, 

e,Ala , 

rk,N.J 

^aven,  Conn. 
Irleans,  I.a, . . 
^ork,  N.  Y. .  . 

on.  N.J 

lelphia,  Pa... 
urg.  Pa.   .   . . 


L  Me.. 


ience,  R.I.... 

ng.  Pa. 

lond,  Va 

;ster,  N.  Y . . . 
rancisco,  Cal . 

nah,  Ga 

:on.  Pa 

uis.  Mo 

ise,  N.  Y.... 

3.  Ohio 

N.  Y. 

N.  Y 

ngton,  I>.  C. . 
ngton,  Del. . . 
ster,  Mass. .. 


I     I 


-.H- 


92,839  I 
3i.'74 
30.473  \ 
79.577  ; 
26,766 ' 

37.180 
48,244; 
82,546 
32,260  ' 
38,921  I 
•00.753 
40.928 
28,233 
40.226  ^ 
71.440 


18,411 
S.790 
6,109 

15.636 
5,^16 
7.427  . 

16)687 
5.58s 
S.287 

•9.177 
7.649 
6,100 
7.824 

14.226 


191,418 

942,292 
33.579  ■ 

674,022 
86,076 
.51.413 
68,904 
33-930  i 
5 1.038 
62,386 

149.473 
^8.235 
35-092 

310,864 
43-oS ' 
3i.5»4 
46.465  , 
28.804 


32,034  I     6,301     5.0! 


1,631 
10,482 
39.ij'j 

i?S.789 

7,018 

127,746 

16,182 
6,632 

'4.775 
6,932 
9.792 

IZ.2I3 

30.553 
S.o'3 

59.431 
8,677 
6,457 
9.302 
5.793 

^1-343 


16,69 
5.01 1  I 
S.611: 

14.688  I 
2,687  '■ 
6.6881 
7,8201 
9,867  I 
S.424  I 
3,443  , 

14,6/0 , 
6,362  , 
4,625 
6,408 

13,048 
5,738  ■ 

14.350 


4.85       

4.89  33.656 

5.07  64.044 

4.76  4.653 


5.28   : 
5-32 


1.366 

14,224 
4,836 
9,227 
6,294 
8.033 

11,649 

25.905  I 
4.561  ' 
5.646 


41.105        8,658     4.74 


5.23  39.675 
4,96  7,088 
4,89  6,069 
5.00  5,893 
4.799 
19.545 
5. 398 
4.922 


S.56 
6,24 
5-43 
5-42 
9.96 
556 
6.17 
8.37 
5  95 
8.40 
687 
6.43 
6.10 
6.28 
5.48 
5-58 
7-32 
6.28 
569 
14.72 

7.22 

6.01 
6.05 

6.50 

746 

5  39 
6.35 
5-36 
5-77 
6.19 

6.21 

7.84 
6.07 

5-20 
7.ii8 
6.00 
559 
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TABLE     No.    la. 
Population.  Families,  axv  Dwellings  in  ioo  American  Cmo 

IN  THE  HtJiK  15X1.     •/>«nRr  /^  C  S.  Catsus  s/ iSool) 


Fahuiks. 


CITIES. 


Albany,  N.  Y 

Allegheny.  Pa 

Atlanta,  Ga 

Auburn,  N.  V 

Augusta,  Ga . 

Baltimore,  Md  . . . 
BavCity,  Mich.   . . 

Boston,  Mass 

Bridgeport.  Conn. 
Brooklyn.  N.  V.    . 

Buffalo,  N.  Y 

Cambridt^e,  Mass. 

Camden.  N.  j 

Charleston,  S.  C.   . 

Chelsea.  Mass 

Chicaifo,  111.    ..... 

Cincinnati,  Ohio. . 
Cleveland.  Ohio., . 
Colufribus,  Ohio  . . 
Covin;iton.  Ky. . . . 

Davci)p'>rr  Iowa. . 
iJ.n  ton.  Ohio. .... 

Denver.  T'ol 

iJcs  .M'»ines,  Iowa. 
l>ctri>it,  Mirh.  . . . 
Oubu  |ue,  Iowa. . . 
Elizabeth,  N.  J. .    . 

Elrnira.  N.  Y 

Erie.  Pa 

Evansville,  Ind. .  . 
Fall  Kiv«*r,  .Mass. . 
Fort  \Va\  tw,  Ind  . 
Galveston.  Texas,. 
Grand  Kaj^ids,  Mich 
IIarri5»bur«',  Pa.. . . 
Hartford,  ('onn. , . 
lIoRoken.  N.J.    . . 

Holyoke,  Mass 

Indianapolis,  Inrl.. 
Jersey  City,  N.  J. . 
Kansas  ('ily,  Mo    . 

Lancaster,  Pa 

Lawrence,  Mass. . . 
Louisville,  Ky.   . .  . 

Lowell,  Mass 

Lvnn,  Mass 

Manchester,  N.  H. 
Memphis,  Tenn.. . 


»ZZK. 

PoPeUATlOK. 

90.758 

PcnoBS  to 
afaunfly. 

[  Number. 

to> 

21 

18,297 

496 

I3.2S9 

6.85 

23 

70.652 

14-747 

5 

•34 

".^3 

6.59 

49 

37^09 

7.799 

4 

.80 

M94 

5.76 

'4 

21^24 

4.417 

4 

96 

3-879 

5.65 

bfj     . 

21^91 

4.998 

4 

.38 

3,938 

5.56 

7 

332,313 

65.356 

5 

o3 

50.833 

!     6.54 

95 

20693 

3.728 

5. 

.55 

3.244 

1     6.38 

5 

362.S39 

72,763 

4 

99 

43,944 

8.26 

71 

27.643 

5.958 

4 

.64 

3.735 

7.40 

3 

566,663 

115.076 

'     4. 

.92 

j     62.233 

9.11 

»3 

155.134 

30,946 

5" 

.01 

■     23,680 

6.55 

31 

52.669 

10,833 

4 

.86 

1       8.260 

6.38 

44 

41659 

8,772 

4. 

75 

!       8.246 

5.05 

y^ 

49.9^4 

11,406 

4- 

38 

6,552 

7.63 

H'i 

21,782 

4.S34 

4. 

51 

j       3,725 

5.85 

4 

503.185 

96,992 

5- 

19 

!  61,069 

8.24 

h 

255.139 

52,025 

4- 

90 

1  28,017 

9. II 

II 

160,146 

32.113 

4- 

99 

27.1S1 

5.89 

33 

51.647 

9.396 

5- 

50 

8,527 

6  06 

(^s 

29,720   1 

6,076 

4. 

89 

4,792 

6.20 

^7 

21.831    ' 

4,544 

4- 

80 

4,342 

503 

47 

38.673 

.^,106 

4- 

77 

6.990 

5.53 

50 

35.629 

5.945 

5- 

99 

5,279 

6.75 

ii<j 

22408 

4,359 

5- 

14 

4,*70 

5.37 

18 

116,340   ' 

23,290 

5- 

00 

20.493 

5.68 

81 

22.254 

4.2S1 

5. 

20 

3.874 

5  74 

69 

28,229 

5.332 

5- 

29 

4,308 

6.55 

97 

20.541 

4.431 

4 

64 

3,810 

5.39 

70 

27.737 

5.294 

5^ 

24 

4,903 

5.66 

66 

29.2S0 

5.803 

5. 

05 

5.296 

5.53 

37 

48.961 

9.70^) 

5. 

04 

5,594 

8.75 

74 

26.880 

5.455 

4. 

93 

4,866 

5.52 

82 

22,248 

4.670 

4 

76 

4,221 

5-27 

58 

32.016 

6,817 

4 

70 

5.752 

5-57 

60 

30.762 

6,429 

4. 

78 

5,967 

5.16 

43 

42,015 

9.137 

4 

60 

5.736 

7.32 

59 

30,(j99 

6,717 

4- 

62 

2.695 

11.50 

«5 

21.915 

3,881 

5- 

65 

2.084 

10.52 

24 

75.056 

15,650 

4. 

80 

13.727 

5.47 

17 

120,722 

23.957 

5- 

04 

14.049 

8.59 

30 

55.785 

9  347 

5- 

97 

8.609 

6.48 

77 

25.769 

5,379 

4 

79 

5,133 

5.03 

46 

39.»5i 

7,488 

5. 

23 

4.608 

8.50 

16 

123.758 

24.343 

5. 

08 

18,898 

6.55 

27 

59.475 

".439 

5 

20 

8.245 

7.21 

48 

38,274 

8,209 

4 

66 

6.315 

6.06 

56 

32,630 

6.338 

5. 

-15 

3.589 

9.09 

54 

33.592 

7.943 

4 

23 

7.174 

4.68 
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bATiOH,  Etc.,  in  Hundred  American  Cities. — {Ctrntinued.) 


46,887 

43350 
136,508 
26.S4S 


34.555 

30.518 


8!584 
6.133 


36,347 
3.225 

73.£'a4 
3.277 


29.251 
21.656 
847.170 
156,389 
33.8 10 
ao,io7   I 
104.857   . 
27,268  ! 
43.278 

89366 
a  1 .420 


5.87g 

4.779 

165.044 


24-933 
ig.743 
33.340 
20.730 
51,752 

21.213 

50. '37 
29.910 
56.747 
33.9'4 
147.293 
30.737 
23.33'> 
42-t7S 
58.291 


5,630 
65,142 

7,324 

6,167 
4.207 
3.864 
43.463 
6.684 
8,926 


4.450 
5,078 


5. '57 
3.403 


8,267 
9.532 
'5.B25 
4.22a 

43,026 
6,343 


5.572 
7,334 
4,106 
3.525 
5-033 


9.717 
5.'I5 

6-955 
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34  QUANTITV    OF    WATER    ItEyUIKED. 

10.    Approximate    Consumption    of  Water. —  In 

American  cities,  having  well  ariiiugtHl  and  maintained  evs- 
teniB  of  water  supply,  and  furnishing  good  wholesome 
water  for  domestic  use,  and  clear  soft  water  adapted  to  tLe 
Qses  of  the  arts  and  for  mechanical  purposes,  the  average 
consumption  is  found  to  bo  approximatt'ly  as  follows,  in 
United  States  gallons : 

{a.)  For  ordinary  domestic  use,  not  including  hose  use, 
20  gallons  per  capita  per  day. 

(6.)  For  private  stables,  including  carriage  washing, 
when  reckoned  on  the  basis  of  inhabitants,  3  gallons  per 
capita  per  day, 

(a  For  commercial  and  manufacturing  purposes,  5 
15  gallons  per  capita  per  day. 

{d.)  For  fountains,  drinking  and  ornamental,  3  to  l 
gallons  per  capita  per  day. 

le.)  For  lire  purposes,  ^  gallon  per  capita  per  day. 

(y.)  For  private  hose,  sprinkling  streets  and  yardi 
10  gallons  per  capita  per  day,  during  the  four  dry( 
montlis  of  the  year. 

0;.)  Waste  to  prevent  freezing  of  water  in  service-pif 
and  house-tistures,  id  Northern  cities,  10  gallons  per  capit 
per  day,  during  the  tliree  coldest  months  of  the  year. 

{A.)  Waste  by  leakage  of  fixtures  and  pipes,  and 
for  flushing  purposes,  from  6  gallons  per  capita  per  dl^ 
upward. 

The  above  estimates  are  on  the  basis  of  the  total  popa 
lations  of  the  municipalities. 

There  will  be  variations  from  tlie  above  approximate 
general  average,  with  increased  or  decreas'd  consnmptios 
for  each  individual  town  or  city,  according  to  its  social 
business  peculiarities. 


■ 


The  domestic  use  is  greatest  in  tiie  towns  and  cities,  and 
in  the  portions  of  the  towns  and  cities  having  tlie  greatest 
srealth  and  refinement,  where  water  is  appreciated  as  a 
luxury  as  well  as  a  necessity,  and  this  is  tnie  of  tlie  yard 
sprinkling  and  ornamental  fountain  use,  and  the  private 
stable  use. 

The  greatest  drinking-fountain  use,  and  fire  use,  and 
general  waste,  will  ordinarily  be  in  tht-  most  densely- 
populated  portions,  while  the  commercial  and  manufactur- 
ing use  will  be  in  excess  where  the  steam-engines  are  most 
numerous,  where  the  hydranlic  elevators  and  motors  ai'e,  on 
the  steamer  docks,  and  where  the  brewing  and  cliemical 
arts  are  practiced. 

Tlie  nitio  of  length  of  piping  to  the  population  is  greater 
in  wealthy  suburban  towns  than  in  commercial  and  manu- 
facturing towns. 

Some  of  these  peculiarities  are  brought  out  in  a  follow 
ing  table  of  the  quantity  of  wat<>r  supplied  and  of  piping  in 
8<_*reral  cities,  which  is  based  upon  the  census  table  lioreto- 
fon'  given  and  upon  variouB  water-works  reports  for  the 
year  1870. 

The  general  introduction  of  public  water-works,  on  the 
constant-supply  system,  with  liberal  pi-esaui-es  iu  the  mains 
and  house-services,  tlirougliout  the  American  towns  and 
cities,  has  encountged  its  liberal  use  in  the  households,  so 
that  it  is  believed  that  the  legitimate  and  economical  domes- 
tic iise  of  water  is  of  greater  aversige  in  tlie  American  cities 
than  in  the  cities  of  any  other  country,  at  the  present  time, 
and  its  general  use  is  steadily  incn'asing. 

11.  Water  SuiiplkM)  to  Aiu-ieiit  Cities.— The  sup 

plies  to  ancient  Jerusalem,  imperial  Rome,  Byziintium,  and 

■  Alexandria,  were  formerly  equal  tn  three  hundred  gallons 

Bfcr  individual  daily  ;  and,  later,  the  supplies  to  Nismes, 
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Metz,  and  Lyons,  in  France,  and  Lisbon,  Segovia,  and 
Seville,  in  Spain,  were  most  libeml,  but  a  small  proportioii 
only  of  the  water  supplied  from  these  magnificent  public 
works  was  applied  to  domestic  use,  except  in  tlxe  palaces 
of  those  attaclied  to  the  royal  courts. 

12.  Water  Supplied  to  European  Cities. — Lithe 
year  1870,  the  average  daily  supply  to  some  of  the  leading 
European  cities  was  approximately  as  follows : 


CITIES. 


London,    England  . 
Manchester,     " 
Sheffield, 
Liverpool,        " 
Leeds,  " 

Edinburgh,  Scotland 
Glasgow,  " 

Paris,       France  . . . 
Marseilles,  "      .... 

Genoa,  Italy » 

Geneva,  Switzerland 

Madrid,  Spain 

Berlin,  Prussia 


Imp.  Gallons. 


29 

24 
29 

27 

30 

40 

30 
40 

30 
16 

16 

18 


In  the*  year  1866,  public  water  supplies*  were,  in  vol- 
ume, as  follows,  in  the  cities  named  : 


CITIES. 


Population. 


Hamburg,  Prussia 
Altona,  " 

Tours,     France  . . 
Angers,         " 
Toulouse,     " 
Nantes,        " 
Lyons,  " 


200,000 
52,000 
42,000 

53»ooo 
100,000 

112,000 

300,000 


Supply  pbk  Capita. 


34   gals. 
20       " 

u 

i€ 

U 

u 


22 

»3-S 
22 


•  Vide  Kirkwood's  "  Filtration  of  River  WRtera.'*    Van  Noetraiid.  N.  Y.,  tM 


Prof,  Rankine  gives,*  as  a  fair  estimate  of  the  n-al  daily 
deriuiiid  for  water,  jut  inliabitant  amongst  inhabitants  of 
different  habits  as  to  tlie  quantity  of  wattr  they  consume, 
the  following,  baaed  upon  Britiah  water  supply  and  con- 
fnmption : 

Rankikb's  Estimate  for  England. 


Psed  for  domestic  puq^oses 

■ashing  streets,  extinguishing  fires,  sup- 

%  p'ving  fountains,  etc 

hra^e  and  manufactures 

Vaste  under  careful  regulations,  say. 
Total  demand 


Iht.  Galuwi  ru  Day. 


Leu*.         AnngB.      GiwmtatL 


^1 
27  i 


Kt 


13.  Wat4*r  Hupplied  to  Aiitoriraii  ('ities. — The  lim- 
nse  of  wat*!r  for  domestic  purposes  in  many  of  tlie 
luropean  cities  during  the  last  half  century,  led  the  engi- 
neers who  constructed  the  pioneer  water-works  of  some  of 
the  American  States  to  believe  that  30  gallons  of  water  jwr 
pita  daily  would  be  an  ample  allowance  liere;  and  in 
leir  day  there  was  scarce  a  precedent  to  lead  them  tt) 
anticipate  the  prosent  large  consumption  of  water  for  lawn 
and  street  sprinkling  by  hand-hose,  or  for  waste  to  prevent 
freezing  in  our  Northern  cities. 

The  follo«-ing  tables  will  sliow  that  this  early  esitimated 
'Tnand  for  water  has  been  doubled,  trebled,  and  in  some 
instances  even  quadrupled  ;  and  this  considerable  excess, 
to  which  there  an;  few  exceptions,  has  been  the  cause  of 
mnch  annoyance  and  anxiety. 


"Civil  EnRinei-rinj;;'  London,  1873,  p.  781. 
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In  the  year  1870,  the  average  daily  supply  to  some  of 
the  American  cities  was  as  follows,  in  United  States  gallons : 


TABLE     No.    2. 

Water  Supplied  and  Piping  in  Several  Cities,  in  the  year  1870? 


crriBS. 


Baltimore . . . 

Boston    

Brooklyn  .... 

Buffalo    

Cambridge  .. 
Charlestown. . 

Chicago 

Cincinnati 

Cleveland 

Detroit 

Hartford 

Jersey  City .  . . 
Louisville  . . . 
Montreal,  Can. 

Newark 

New  Haven . . 
New  Orleans  . 
New  York  . .  . 
Philadelphia  . 

Salem 

St.  Louis  .... 
Washington . . 
Worcester.  . . . 


Popula- 
tion 
IN  1870. 


Supply 

PBK 

Pbrsok, 
Daily 

AvkRAGB 


267,354 
250,526 

396,099 

I17JI4 

39*634 

28,323 

298,977 

216,239 

92,829 

79»577' 
37»i8o| 

82,546 

100,753 
1 17*500 
105,059 

50,840 
191,418 
942,292 
674,022 

24,117 
310,864 
109,199 

4i»io5 


Gallon*. 
52.81 
60.15 
47.16 
58.08 
43-90 

43-90 
62.32 

40.00 

33-24 
64.24 

65.81 

8366 

28.95 

49.00 

20.20 

59.00 

30.19 

90.20 

55-" 
41.46 

35.38 
127.00 

48-65 


Supply 

PER 

Family, 
Daily 

AVBRACB. 


Gallons. 

282.53 

1312.78 

I  23344 
306*08 

I  220.38 

201.94 

313.47 
'  201.60 

I  167.53 
236.98 

I  329.7  I 
414.12 

151-99 

'    •     •     ■     • 

98.17 
286.15 

147.63 

457.31 
i  290.98 


Supply 

PXS 

Dwelling, 

Daily 
Average. 


Gallons. 

350.13 
508.87 

407.46 

374.04 

273.94 
282.72 

417.54 
352.40 
184.81 

348.18 
365.90 
700.23 

198.89 

147.86 

370.52 
171.78 

i»327.74 
331.21 


185.04 
650.24 
230.60 


277.38 

709.93 
406.23 


Gallon*,       .Mile*. 
14,122,032  214 

15,070,400  194 

18,682,219.  258 

6,838,303!  56 

i»739»869i  60 
1,243,380^  25 
18,633,000  240 
10,812,609!  132 
3,085,5591  50 
5,112,493'  129 
2,447,000  48 
6,906,056  70 
2,817,300'  58 
5,720,306  96 
2,121,842  52 
3,600,000    53 

5,779,317     58 
85,000,000  346 

37,M5,385  488 

i,ooo,ooO|    35 

11,000,000;  105 

13,868,273  102 

2,000,000    45 


0.80 

0.78 

0.65 

0.48 

;  1.64 

0.90 

'0.81 

!o.6i 

I  0.54 
1.61 

I  1.30 
0.85 

0.58 

0.81 

0.50 

1.04 

0.30 

0.37 
071 

1.04 

0.34 

0.93 
1.09 


The  average  quantity  of  water  supplied  to  some  of  the 
same  cities  in  1874  is  indicated  in  the  following  table,  show- 
ing also  the  extensions  of  the  pipe  systems,  and  the  increase 
in  the  average  daily  consumption  of  water  per  capita,  fix)iD 
year  to  year: 


*  Sec  also  statistics  on  pafires  625-627. 
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^^^^^^^                          TABLE                                                                                ■ 
^T                   Water  Supplied  m  Years  1870  and  1874.                             ■ 

^H          CnTBS 

DllLV  SufPLY 

F«  Cafita. 

TuTAi.  Aymacb  Dail»  SuFn.v. 

1 

Miles  or  Pipib                  ■ 

iBp,. 

■874- 

Oja. 

■874- 

.8,0,           .674.                          M 

Boston 

Brooklyn 

Buffalo    

Cambridge 

Charlestown  . . . 

Chicago 

Cincinnati. 

Cleveland 

Detroit 

Jer5e>City 

Louisville 

Newark.-    

Philadelphia  . . . 

Saiem.      

Washington 

Worcester. 

Montreal 

60 

tl 

44 
44 
64 

40 

il 
84 
29 

55 

4» 
127 
49 

49 

60 

& 

It 
84 

45 

86 
24 
38 
S8 
SS 
'38 
80 
66 

6,838.303 
■.739.869 
1,243,380 

18,633,000 

10,812,609 
3.085,559 
5.1 '2.493 
6,906,056 
2,817,300 
2,121,842 

37- '45.385 
1,000,000 

'3.868,273 
2,000,000 
5.720,306 

18,000,000 

14, 7  7^.467 
8,509.481 
3,300,000 
7.643.0 '7 

38,090,952 

13,600,596 
5.625. -50 
9.o'3.35o 

10.421,001 
3.598.730 
4.732.718 

42,1  ri, 730 
1,380,000 

3,000,0c  □ 
8,395,810 

194 
258 

56 
60 
25 
240 
132 

5° 
129 
70 
58 
52 
488 
35 

45 
96 

261 
323 

87 
76 
132 

386 
'S6 

•77 

91 

62s 

40 

% 

"4 

^P  14.  The  Use  of  Water  Steadily  Increasing.— The 

Ippitimate  use  of  water  is  steadily  being  popularized,  calling 
for  an  increased  average  in  the  amount  of  household  appa- 
ratus,  increased  facilities  for  garden  irrigation  and  jelx 
fTenu,  increased  street  areas  moistened  in  dusty  seasons, 
and  increased  appliances  for  its  mechanical  use ;  from  all 
which  follows  increased  waste  of  water. 

15.  Fnerease  in  Various  Cities.— Tlie  following  table 

^ja  introduced  to  show  the  average  daily  supply  in  yarious 

^H^es  through  a  succeesion  of  years : 

QDANTITT  OF    WATER   BEQUIBBD. 


TABLE     No.    4. 
AvxRAGB  Gallons  Watek  Supplied  to  Each  Inhabitant  Daut  in 


iSj6  . 
1857.. 
1858.. 
1859  . 
i860  . 


1863 . . 
1863  . 
1864.. 
1865 . . 
t866.. 
1867.. 
186S.. 
1869  . 
1870.. 
1871-- 
1S7,.. 
'873 


^ 

1 

J 

X 

1 

1 

1 
a 



_ 

_ 

« 

— 

— 

— 

8 

— 

46 

— 

— 

— 

« 

— 

33 

46 

— 

—      I 

40 '48 

— 

—    14 

43     S3 

— 

43    S3 

— 

'7      9    39 

44 'S8 

—  1  — 

a    i 

43     S8 

41   s; 

—  1  —      29      22      — 

*'    SS 

SS    —    33  122,— 

43    60 

59    —    36    241  — 

50    64 

62 

— 

43 

25 

— 

s« 

<>; 

-  46 

,  .j6o     cS  47  33  40  63  H 

,54    51  46  36  —  73  71 

■■■  SS     "31  SO  40  60  7S  -''.^ 

;  58    60  55  43  —  75  90 


1890 


.  4S  ,  45 
I  99  106  55  '  65  76 
105  186  —    106  114 


84,87 

114  149  1*4  52  '  ^6 


Ifi.  Relation  «f  Siiptily  per  Capita  to  Total  Pop- 
ulation.—lii  tiie  laigiT  citL's  tlien^  aiv  generally  the  great- 
est variety  of  purposes  for  whit-Ii  wat:  v  is  required,  and 
consequently  a  greater  average  daily  c<i»sui»|)tioii  per  cap- 
ita. Exceptions  to  this  gonei-al  luli!  may  }ie  found  in  a  fe« 
Buborban  towns  largely  engiige<l  in  tlie  growth  of  garden 
truck,  and  plants,  and  slinibs  for  the  urban  markets,  in 
wliich  then'  is  a  large  demand  for  water  for  purposes  of 
irigation. 

In  the  New  England  towns  and  cities  the  aver^^e  daily 
consumption  and  wast*'  of  wat*;r  according  to  population  & 
approxinmtely  as  follows : 
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Places  of  10,000  population,  35  to  45  gallons  per  capita. 

"        "20,000  "  40  to  50        "         " 

"        "  30,000  "  45  to  65        "         "         " 

"        "  50,(X>0  "  55  to  75        "         "         " 

Places  of  75,000  popiilafion  and  upward,  60  to  100  gal 

Ions  per  capita. 

17.  Moutlilj  ami  Huiirly  Variations  in  tlu>  Draii};ht. 
— Tlip  data  heretofore  given  relating  to  tlie  daily  average 
consumption  of  water  liave  referred  -to  annual  quantities 
n-duced  to  tlieir  daily  average.  The  daily  draught  is  not. 
however,  uniform  throughout  the  year,  but  at  times  is 
greatly  in  excess  of  tlie  average  for  the  year,  and  at  other 
times  falls  below." 

It  may  be  twenty  to  thirty  per  cent,  in  excess  during 
iaeveral  consecutive  weeks,  tifty  jmr  cent,  during  seveml 
aonsecutive  days,  and  not  infi-equently  one  liundied  jier 
cent  in  excess  during  several  consecutive  hours,  independ- 
ently of  the  occasional  heavy  drafts  for  (ires.  Diagi-anis  of 
this  daily  consumption  of  water  in  the  cities  usually  bIiow 
two  principal  maxima  and  two  principal  minima.  Tlie 
earliest  maxinmm  in  tlie  year  occurs,  in  the  Eastern  and 
Middle  Stales,  about  the  time  the  frost  is  det'i^ist  in  the 
ground  and  the  weather  is  coldest,  that  is,  between  the 
middle  of  January  and  the  first  of  March,  and  in  New 
England  cities  this  period  sometimes  gives  the  maximum  of 
le  year.  The  second  maximum  occurs  usually  during  the 
ittest  and  dryest  portion  of  the  year,  or  between  the  mid- 
[ffle  of  July  and  the  first  of  September.  The  two  principal 
;ll)inima  occur  in  the  spring  and  autumn,  about  midway 
itween  the  maxima.  Between  these  four  periods  the  pro- 
file shows  irregular  wavy  lines,  and  a  profile  diagram 
fOTitiiiued  for  a  series  of  years  shows  a  very  jagged  line. 
To  illustrate  the  irregular  consumption  of  water,  we 
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have  prepared  the  diagrams,  Fig.  1,  of  the  operations  of  the 
pumps  at  Chicago,  Brooklyn,  CincinDati,  and  Montreal, 
during  tlie  years  1871,  1872,  1873,  and  1874. 

18.  Ratio  of  Mouthly  CoiiMiimptiou.— The  varia- 
tions in  di-anght,  as  by  iiiontlily  claBsification,  in  seirral 
prominent  cities,  in  the  year  1874,  have  been  reduced  In 
ratios  of  mean  montlily  draughts  for  convenience  of  compai- 
ison,  and  are  here  presented  ;  unity  representing  the  mean 
monthly  draught  for  the  year : 


TABLE     No.     e. 
Ratios  of  Monthlv  Consumption  of  Water  in  1874. 


1 

i 

t 

i 

i  1 

a 

1   1 

.<)87 

i 
919 

i 

Brooklyn.... 

.oaq  I  131 

?7l 

.893 

.941 1 008 

1,060  I  034;. 044 

074 

Buffalo. 

.O08.I.037I.960 

941 

.983    .963    .996i.o2ol,o44l:.oll 

1.040 1. 000 

.eS3    .goll  850 

.871 

.OQZI  iSo.l.jSt  i-iofiio58 

.943: 91s 

Uelroil 

.856   -H07I.905.  .84411.039,1.06511.051,1.167,1.171 

1.115 

.98711,003 

Philadelphia 

.950   .844..834!  -898 

1.056 

:.i99 1.289  1.145  1.091 

.990 

•95'  -853 

Chicago  .... 

M3    .844' .9041   .904 

.943 

.9421.1711iMl1.163 

1.039 

.966']. 029 

Cincinnati... 

.7^3    .763.7781  .856 

i.ai7li.ao7  1-357  I -302 

1.056 

.960   ,799 

LAuis^nlle. . . 

.8411 .8191.848  .841 

':^ 

1.19311.30711.333 

1. 1 38 

.Wol  .876 

Jtoolieal. . . . 

.e64|  ,959  943,1035 

.916 

.9071.101,1.151 

l.atfi'lJMl 

.971 1.033 

G"- 

.887'  .897.88b|  .897 

.960 

1.075  1.144  i-tSS 

■  ..3ojl.04l 

.964 

.941 

H     There  is  also  a  very  perceptible  daily  variation  in  each 
Hnreek,  and  hourly  variation  in  each  day,  in  the  domestic 
consumption  of  water. 

The  BrookljTi  diagram  shows  tliat  tlie  average  drauglit 
in  the  month  of  maximum  consumption  was  in  1872,  fifteen 
per  cent,  in  excess  of  the  average  annual  draught ;  in  1873, 
seventeen  per  cent,  in  excess ;  in  1874,  thirteen  per  cent,  in 
excess. 

A  Boston  Highlands  direct  pumping  diagram  lying  be 

fore  the  writer  shows  that  the  average  draught  at  nint 

^Hclock  in  the  forenoon  was  thirty-seven  per  cent,  in  escess 
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of  the  average  draught  for  the  three  months,  and  that  at 
eight  o'clock  a.m.  on  the  Mondays  the  draught  was  sixty 
per  cent,  in  excess  of  the  average  hourly  draught  for  the 
three  months. 

The  maximum  hourly  draught  indicated  by  the  two 
diagrams  taken  together  is  nearly  seventy-five  per  cent  in 
excess  of  the  average  throughout  the  year. 

19.  niustratiouH  of  Varying:  Cousumptioii. — In 
illustration,  we  will  assume  a  case  of  a  suburban  town  re- 
quiring, say,  an  average  daUy  consumption  for  the  year  of 
1,000,000  United  States  gallons  of  water,  and  compute  the 
maximum  rate  of  draught  on  the  bases  shown  by  the  above- 
named  diagrams,  thus : 


Galijons       Galuons 
m  Day.  I  rmtt  Mix. 


CiTBic  Fkit 
nut  MiN 


694^  92.8 

812.5  108.6 


I 

.\vcratre  dmuf^ht  per  >*car 1,000,000 

Aiiil    17    per   ccnl.  for   max.  monthh*  average 

ilrau^ht,  making 1.170,000 

LI   10   the  last  quantity  10  per  cent,  for  the 

ni.i\.  \vei»kly  average  tiraught.  making 1.270,000  '      881.9  "7-9 

i  M  to  the  last  quantity   37  per  cent,  for  thc:  ' 

in.ix.  hvuiily  average  draught,  making 1,640.000     1,138.9  152.3 

•\ii<i   to  thc  last  ouaniity  23  per  cent,  for  the. 

max.  hourly  uv.  draught  on  Mondays,  making   1.870,000     l,3oao  250X> 


'nu*  o>c]>t»riiMH*t*  of  noarly  every  watrr-supply  shows  that 
tlu»  inaxiiuum  draught,  asich^  fn»in  tiiv-Si*n'ice,  is  at  times 
nion*  than  doubh^  thi*  avtM-siiri^  linluirlit. 

*iO.  UvHovM*  lor  Fin*  Kxtin^iishment* — In  addi- 
tion to  tht*  al>ov(\  tht»n»  shouKl  K^  an  anij>le  n*serve  of  water 
for  liix'  st*r\iri\  ami  i^Mm  ronduit  and  distribution  capacity 
for  its  dolivt'n .  Tht^n*  is  a  iK>ssibility  of  two  or  three  fires 
)»('ing  in  pixtgix'ss  at  the  same  tinu\  in  even  the  smaller 
%'i(ios,  i>H|uiring  ninf  to  twvlvo  hydrant  streams^  or  say  90( 
rubio  fivt  i>f  uatiT  jht  ininuto,  for  each  fire. 
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TABL  E    No.    8b. 

Water  Supply  Consumption  Statistics. 

Compiled  fr«)M  Tables  in  the  **  Joi'rnal  of  the  New  England  Watu 
WoElLS  AssocL\TlON,"  Sr/ttmfi^,  /^a/,  CkmrUs  W.  Shermam,  Editor. 
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CHAPTER    III. 

RAINFALL. 

21.  The  Vapor>"  ElementM. — 'Hie  elements  of  frati-t 
^fill  the  ethereal  bine  above  and  the  earth  crust  bfoeath. 
f  Thfy,  with  uuceasiug  activity,  ]>ermeate  tlie  air,  the  rocks. 
lie  sand,  the  fruits  we  eat,  and  the  muscles  that  aid  our 
notion. 

■  first  "there  went  up  a  mist  fi-om  the  earth,"  the 
ni^le  between  tiie  nthereal  elements  and  earth's  internal 
fin*,   between  the  intense  cold    of  space  and  dii'eet  and 
i-adiatL-d  heat  enveloping  the  face  of  the  earth,  has  gone 
1  unceasingly, 

'£.  The  Liquid  ami  OaNeoiiK  SiiccessloiiK. — If  we 

iold  a  drop  of  water  in  the  clear  sunshine  and  watch  it 

intently,  soon  it  is  gone  and  we  could  not  see  it  depart ;  if 

we  expose  a  dish  of  water  to  the  lieat  of  fire,  silently  it 

disappears,  and  we  know  not  how  it  gathered  in  it's  activity ; 

if  we  leave  a  tank  of  water  uncovered  to  the  sun  and  wind, 

it  gradually  disappears,  and  is  replenished  by  many  showers 

^  of  Bumroer,  atill  it  dejiarts  and  is  replenished  by  snows  of 

•■winter.    Under  certain  I'xtreme  conditions  it  may  nevei  be 

^   ftill,  it  may  never  be  exhausted,  tlie  rising  vapor  may  equal 

the  falling  liquid,  ae  where  '■  tlie  rivers  flow  into  the  st^a.  yet 

the  sea  is  not  full," 

'iS.  The  Source  of  Showers. — Physical  laws  nihose 

origin  we  cannot  comprehend  biit  whose  steady  effects  we 

observe,  lift  fi-om  the  saline  ocean,  the  fouled  river,  the  moist 

Kcsrth,  a  stream  of  vapor  broad  as  the  circuit  of  the  globe, 
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bat  tfaeir  solid  impurities  remain,  and  the  flow  goes  av  ^niL 
ethereal  deamesB. 

From  hence  are  the  sources  of  water  sapplj  refdemshed. 
From  hence  comes  the  showers  npon  the  fiu»  of  the  eaiflL 

24.  Gleneral  Rainfall, — ^Bnt  there  is  iir^ularity  in 
the  physical  features  of  the  eaith,  and  nnevenness  in  tte 
temperature  about  it.  and  the  showers  are  not  called  down 
alike  upon  all  its  surfiEU^.  Upon  the  temperate  zone  in 
America  enough  water  falls  in  the  form  of  lain  and  snow 
to  cover  the  surface  of  the  ground  to  an  arerage  depth  of 
about  40  inches,  in  the  frigid  n>ne  a  lesser  quantity,  and  in 
the  torrid  zone  fall  90  inches,  and  in  certain  localities  to 
depths  of  100  and  150,  and  at  times  to  eren  200  inches. 

We  recognize  in  the  rain  an  ultimate  source  of  water 
supply,  but  the  immediate  sources  of  local  domestic  water 
supply  are,  shallow  or  deep  ttellSj  springs,  laJkeSj  and  rivers. 
Tlie  amplitude  of  their  supply  is  dependent  ui)on  the  avail- 
ible  amount  of  the  rainfall  that  replenishes  theuL  In 
ca.ses  of  laige  rivers,  and  lakes  like  the  American  inland 
seas,  there  can  be  no  question  as  to  their  answering  all 
demands,  as  respects  quantity,  that  can  be  made  upon  them, 
but  often  upon  watersheds  of  limited  extent,  margins  <rf 
doubt  demand  special  investigations  of  their  volumes  of 
rainfall,  and  the  jwrtions  of  them  that  can  be  utilized. 

25.  Ke\iew  of  Rainfall  Statistics.— Looking  broadly 
over  some  of  the  princij)al  river  valleys  of  the  United  States 
we  find  their  average  annual  rainfalls  to  be  approxi- 
mately as  follows :  Penobscot,  45  inches ;  Merrimack,  43 ; 
Connwticut,  44 ;  Hudson,  39  ;  Susquehanna,  37 ;  Roanoke, 
40;  Savannah,  48;  Appalachicola,  48;  Mobile,  60;  Mis- 
sissippi, 46 ;  Rio  Grande,  19  ;  Arizonian  Colorado,  12  ;  Sac- 
ramento, 28 ;  and  Columbia,  33  inches ;  but  the  amount 
of  rainfall  at  the  various  TX)ints  from  source  to  mouth  of 
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each  river  is  by  no  mt'ans  uniform  ;  as,  for  instaiicf,  u]h)u 
■^iisquelianna  it  ranges  from  26  to  44  inches;  on  tlie 
Kill  Grande,  fi-om  8  to  ,37  inches ;  and  on  the  Coluutbia, 
fftim  12  to  86  inches. 

,86.  Climatic  Effects. — The  North  American  Continent 
presents,  in  consequeiici-  of  its  varied  featui-ea  and  ivach 
&oin  near  extreme  torrid  to  extreme  polar  regions,  ulmoFit 
all  the  special  rainfall  characteristics  to  be  found  upon  (he 
fwv  of  the  globe  ;  and  even  the  United  States  of  America 
iiitliides  witliin  its  limits  tlie  most  varied  classes  of  cHmato- 
Itigicai  and  meteorological  effects,  in  consequence  of  its  range 
iii'-levation.  from  the  Florida  Keys  to  the  Rocky  Monntain 
■iininits,  and  its  range  of  luiinidity  from  tlie  sage-bush 
pliiiiis  between  the  Sierras  and  Wahsatch  Mountains,  and 
tiie  moist  atmosphere  of  the  lower  Mississippi  valley,  and  , 
from  the  rainless  Yuma  and  Gila  deserts  of  southern  Cali- 
fornia to  the  rainy  bIoik's  of  north-western  California  and  of 
Ort^UjWhere  almost  daily  showei-s  maintain  eternal  verdure. 

'il.  Sections  «f  Maximum  Rainfall — The  niaxi- 
iiiiira  recordtHl  minfall,  an  annual  mean  of  86  inches,  occurs 
"I  Ibe  region  bordering  ajKin  tlie  mouth  of  the  Columbia 
stiver  aud  Puget  Sound.  A  narrow  belt  of  excessive  liu- 
"lidity  extends  along  the  Pacific  coast  from  Vancouver'a 
I^^laud  southerly  past  the  boi-dera  of  Washington  Territory, 
Oi^Kon  and  California,  to  latitude  40°. 

Next  in  order  of  huni'dity  is  the  region  bordering  u])on 
tile  Delta  of  the  Mississippi  River  and  the  emboachure  of 
the  Mobile,  whose  annual  mean  of  rain  reaches  64  inches. 

Next  in  order  is  a  section  in  the  lieart  of  Florida  of 
about  one-half  the  breadth  of  the  State,  whose  mean  annual 
fiiiu  reaches  60  inches. 

28-  Western  Rain  System. — The  great  northerly 
ocean  ciirreat  of  the  Pacific  moves  up  past  the  coast  of 
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China  and  the  Alentian  Islands  and  impinges  upon  the 
North  American  shore,  then  sweeps  down  along  tlie  coast 
of  Washington  Territory,  Oregon  and  California  ;  and  from 
its  saturated  atmosphere,  flowing  up  their  bold  western 
slopes,  is  drawn  tiie  excessive  aqueous  precipitations  that 
water  these  regions. 

Their  moist  winds  temper  the  climate  and  their  condensed 
vapors  irrigate  tlie  land,  so  that  the  southerly  portion  of  the 
favored  region  referred  to  is  often  termed  the  garden  of 
America. 

Pig.  2  is  a  profile,  showing  a  general  contour  across  the 
North  American  Continent^  along  the  thirty-ninth  parallel 
of  latitude. 

Fio.  2. 

E 
ft^-oS^Ji     mr. X — 3ssrii tsjt-^^ — umjmy^^ 

<  2 BOO  miles,  > 

Elbvatiov. 

A.  Pacific  Ocean.  «.  Sacnuneoto  City 88 

B.  Coast  Range.  6.  Carson  City 4^699 

C.  Sierra  Nevada.  r.  Salt  Lake  Region 4*38* 

D.  Wahsatch  Mountains.  1/.  Colorado  River — 

E.  Rocky  Mountains.  r.  Colorado  City 6^000 

F.  Mississii)pi  River.  /.  St.  I^uis 481 

G.  .'\Ilcghan>  Mountains.  g:  Cincinnati 58a 

II.  Blue  Ridge.  A,  Washington    jo 

L  Atlantic  Ocean. 

Tlie  California  coast  range  and  the  western  slope  of  the 
Sierra  Nevadas  ai^e  the  condensei's  that  gather  from  the 
prevailing  westerly  ocean  bixH^zes  tlieir  moisture.  Prom 
thence  the  winds  pass  easterly  over  the  Sierra  summit 
almost  entirely  deprived  of  moisture,  and  yield  but  rarely 

any  rain  upon  tlie  broad  interior  basin  stretching  between 
the  bases  of  the  Sierra  and  Wahsatch  Mountains.    Dpon  the 
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arid  plains  of  this  region,  above  the  Gulf  of  California, 
wliost-  average  annual  rainfall  reaches  scarce  4  inches,  the 
rtinds  mil  down  like  a  tliira'y  sponge. 

I-'urtlier  to  the  east,  the  weatera  slopes  of  the  Wahsatch 
and  R<n-ky  MtmnlaHis  lift  up  and  condenw^  again  the  wr^t- 
cni  windrt,  and  gather  in  their  storms  of  rain  and  nnr.v. 
In  the  leswT  valley  between  these  mountains,  12  to  -i- 
int'hes  of  rain  falls  annually,  and  the  tributaries  of  the 
Cnlorado  River  gathers  its  scanty  surplus  of  waters  and 
leads  them  from  thence  around  the  southerly  end  of  the 
Walisalch  Mountains  past  the  Yuma  Desert  to  the  Gulf 

Over  the  summit  of  the  Rocky  Mountains  onward  moves 
the  westerly  wind,  iigain  deprived  of  its  vapor,  und  down 
it  rolls  with  thirsty  swrmp  upon  tliose  brosid  arid  regions, 
ekirting  the  eastern  base  of  the  mountaina  Farther  on.  it 
is  again  charged  with  moisture  by  the  saturated  wind-eddy 
from  the  Caribbean  Sea  and  Gulf  of  Mexico. 

The  great  Pacitic  currents  of  water  and  wind,  and  tin 
extended  ridges  and  furrows  of  the  westerly  half  of  oui 
Continent  lend  tlieir  combined  influence,  in  a  marked  man- 
ner, to  develop  its  special  local  and  its  peculiar  general 
climatic  and  meteorological  systeme. 

liSJ.   Central  Raui  System. — A  second  system  of  anti- 
bllftde  winds  bears  the  satuiuted  atmosplu-iv  of  the  Gulf  of 
I'Mejcieo  up  along  the  great  plain  of  tlie  Mississippi.     Its 
||noisture  is  precipitated  in  greatest  abundance  about  the 
ilelta.  and  more  sparingly  in  the  more  elevated  valleys  of 
he  Red  and  Arkansas  rivers  upon  the  left,  and  the  T-aues- 
and  Ohio  rivers  npon  the  riglit     Its  influence  is  per- 
ceptible along  the  plain  from  the  Gulf  to  the  southern  bor- 
der of  Lake  Michigan,  and  easterly  along  the  lowrr  lakc;^ 
aCTOBS  New  England,  where  the  chills  of  tlie  Arctic 
'  current  sweeping  through  the  Gulf  of  St.  Lawrence 
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and  dawn  the  Nora  Scotia  coast  into  Massaebnsetts  Bay, 
throws  down  abnndantl  v  its  remaining  moistme. 

30.  Eairtem  Coast  System.  —  A  third  svstem  en 
relofis  Florida,  Georgia,  and  tbe  eastern  Carolinas,  espe^ 
cially  in  sammer,  with  an  abaudance  of  rain« 

A  fourth  subordinate  system  shows  the  contending 
tnermic  and  electric  influences  of  the  warm  and  moist 
atmosphere  from  the  Gulf  Stream,  flowing  nortlieriy  past, 
and  of  the  cooler  atmosphere  from  the  polar  current  flowing 
southerly  upon  the  New  England  coast,  where  an  abundant 
rain  is  distributed  more  evenly  throughout  the  seasons  than 
elsewhere  upon  the  Continent 

31.  Influence  of  Ele^-ation  upon  Precipitation.— 

The  influi'nc<5  of  elevation  above  the  sea-level  is  far  less 
active  in  producing  excessive  rain    upon   our  mountain 
rang**s  and  high  river  sources  than  upon  other  continents 
and  s^ini<*  of  the  mountainous  islands,  beuig  quite  subordi 
aate  U)  general  wind  cuiTents. 

UjXin  the  iiKiuntainous  island  of  Guadaloupe,  in  latitude 
16%  for  instance,  a  rainfall  of  292  inches  per  annum  at  an 
elevation  of  45(X)  feet  is  rcK^oided. 

Up<jn  the  Western  Ghauts  of  Bombay,  at  an  elevation 
of  4,^)iH)  fwt,  an  average  rainfall  for  fifteen  years  is  given  as 
2.'>4  inches. 

On  tlie  southerly  slope  of  the  Himalayas,  northerly  ot 
the  Bay  of  Bengal,  at  an  elevation  of  4,500  feet,  the  rainfall 
of  1851  was  610  inches.  These  localities  all  face  prevailing 
saturat<»d  wind  currents. 

li*i.  Kiver-basin  Rains.  — A  study  of  some  of  our 
principal  river  valleys  independently,  reveals  the  fact  that 
their  rainfall  gradually  decreases  from  their  outlets  to  theii 
more  elevated  sources. 
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In  illustration  of  this  fact,  we  present  the  following  river* 
ralley  statistics  relating  to  ttie  principal  basins  along  the 
Atlantic,  Quit,  and  Pacific  coasts. 


TABLE     No.    6. 

Mean  Rainfall  Along  River  Courses,  showing  the  Decrease 
IN  Precipitation  of  Rain  and  Melted  Snow  from  the 
River  Mouths,  upward. 

st.  john's  biver. 


Mai»  of  Statioh. 

lo    1      14 

V».lD,^»»f.ohMo.^.J 

/«*«.    Miln{<4*r^imUi\. 

FonKcni 

36    1    asof    ""oSSS"      1    43  'nche«. 

Newbmyport.. 
Lawrence . . . .  ■ 
Manchester  . . . 
Concord 


MERRIMACK    RIVER. 


J5  j  Dblucalrom  Average  raid. 


Sarhrook  . . . . 
MJiJdlelowa.. 
Hartford 


CONNECTICUT    RIVER. 


New  York  City.. 
Poughheepsie  . . . 
Hudson 


HUDSON     RIVER. 


Havre  de  Grace  .. . 

Harrisburg 

Lcwi'sburg 

Williamsporl 

as.;:::;::;::: 


SUSQUEHANNA    RIVER. 
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Mean  Rainfall  Along  River  Courses — (QmHnued), 


MISSISSIPPI     RIVER. 


Name  ok  Station.      ;Summbr. 


Delta 

New  Orleans 

Baton  Rouge 

Tunc,  of  Red  River  . . 

Vicksburg 

Memphis 

Cairo 

ot.  X<<OUlS.  .»••.  ••••. 

Dubuque 

Lacrosse 

St.  Paul's 

Brownsville 

Tunc.  Pecos  River  . . 

El  Paso 

Albuquerque 

Astoria 

Walla-VValla 

Boise  City 

Fort  Hall 


Inches. 

20 
20 
18 

14 
II 

8 
II 

13 
14 
II 
II 


W1NTSR.I  Year.  Distancb  from  Mouth. 


Inches,     Inches.     Miles  (appr ox  immie). 


18 
16 

15 
16 

15 

15 
12 

8 

5 
3 
3 


60 
60 
60 
56 
55 
42 
42 
42 
38 
30 
25 


10 

95 
190 

240 

350 

560 

700 

850 

1 100 

1200 

1500J 


Distances  from 

the  Gulf  of 

Mexico. 


Average  rais, 
46  inches. 


RIO 

GRANDE. 

8 

6 

37 

30I 

5 

3 

18 

400  1 

4 

2 

12 

800  r 

3 

2 

8 

1050J 

Distances  from 

the  Gulf  of 

Mexico. 


Average  nun, 
'    19  inches. 


COLUMBIA 

86 
20 

13 

12 


4 

44 

2 

5 

2 

7 

I 

6 

RIVER. 

5 
1  275 
1  600 
850  J 


Distances  from 

the 
Pacific  Ocean. 


Average  rain* 
33  inches. 


Reference  to  tlie  above,  from  among  the  principal  river 
valleys,  is  sufficient  to  show  that  the  oft-made  statementi 
that  ''rain  falls  most  abundantly  on  the  high  land,"  is 
applicable,  in  the  United  States,  to  subordinate  watersheds 
only,  and  in  rare  instances. 

33.  Groiipod  Rniiifall  Statistics.— The  following 
table  gives  the  minimum,  maximum,  and  mean  rainfalls, 
according  to  the  most  extended  series  of  observations,  at 
various  stations  in  the  United  States.  They  are  grouped  by 
territorial  divisions,  having  uniformity  of  meteorological 
characteristics. 
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TABLE     No.     7. 

Rainfall  in  the  United  States. 

{From  Rtcord*  to  x866  inciutivo,) 
lOYJP  1.— Atlantic  Sea-coast  from  Portland  to  'Washington. 


Station. 


r«   Me. 

ck  -  

*«•  :  :::: 

dford  "    .'.'.*.'..*.*..... 

Qce,  R.  I 

1,  N.  Y 

milton,      ^    

Inmbua,     **    

»rkCity,    "    

>iiit,  »•      

N   1 

trillc,     "  

phia,  Pena 

re,         Md 

Henry,"  

{toii,  D.  C. 


44''io' 

43  54 
49  16 

4a  93 
49  99 

41  39 
41  so 
40  37 
40  36 
40  41 

40  43 

41  94 

40  45 
40  93 

16 
54 


39 


69^46' 
69  57 

7«  49 
71  07 
71  04 

70  56 

71  93 

74  oa 
74  09 
74  <» 
74  00 

73  57 

74  «o 

74  56 

75  " 
70  37 

76  34 

77  03 


UbightI  Ykars 


ABOVE 

Sba. 


76 

53 

7« 

•  •    ■  • 

90 

ISO 
54 
a5 

«3 

50 

167 

t 

I  •  •  • 

36 
XIO 


OF 

Rbcord 


MiN.      I     BiAX. 

Annual  Annual 
Rain.   |   Rain. 

Inches,  \  Incket. 

51-47 
75.64 
61.83 

59-34 
67.78 

58.14 

54.17 
58.9a 
69.69 

65-5 » 
69.87 
63.56 
57.05 

57.37 
62.94 
69.04 

51.50 
53-45 


97 

96.38 
34.60 

3a 

96 

3« 

30.04 

98 

97.30 

54 

30.68 

35 

30.51 

36 

ra-»4 

«9 

29.75 

•4 

8757 

3« 

34.79 

90 

35.05 

a3 

34-54 

»7 

3a.33 

'ai 

90-57 
a8.75 
99.87 

^i 

23-24 

Mean 

Annuai 
Rain 

Inches, 

4(  99 

4639 

44.99 
41.4a 

41.54 
43.52 
42.55 
43-24 
43.00 

47.65 

44.85 

43-99 

44-05 

43.33 
41.10 

37.5a 
43.44" 


GROUP  2.— Atlantic  Sea-coast,  Virginia  to   Florida. 


t  Monroe,  Va.. 

on,     S.  C 

mltric,  »•    ...., 

h,  Gil 

M>ke,  Fla 


37^00^ 

3a  47 
3a  46 
3a  05 
98  00 


76«»i8' 
79  56 

fj  5« 
I  05 

8a  98 


8 

85 

a5 

4a 

90 


«9 

19 

>7 
«3 
*7 


19.39 
93.60 

33-98 
25-98 
35-93 


rP  8.— Hudson   River  Valley,  Vermont,  Northern 

New    York. 


eepsie, 

Of 

took. 


N.Y 


U 
U 


t( 


iietAnenal,  ** 
burg, 

T,  N.  H.  . 
ton,  Vt... 
i,       N.Y 


e, 

near, 

r, 


7 
an, 

Miry, 


4«'^3«' 

74^05' 

150 

90 

4»  4« 

73  55 

•  •  •  • 

15 

41  55 

74  09 

x88 

«9 

42  13 

73  46 

150 

«5 

4a  aa 

73  43 

"5 

W 

42  39 

73  44 

«30 

42  43 

73  43 

50 

«7 

42  47 

73  40 

30 

90 

43  20 

73  '7 

250 

15 

43  42 

72  17 

530 

«9 

44  29 

73  " 

32^ 

27 

43  05 

74  55 

X185 

17 

43  00 

75  20 

1 137 

«9 

43  07 

75  »3 

473 

93 

43  46 

75  32 

847 

99 

44  25 

75  35 

400 

24 

44  40 

75  01 

394 

90 

42  55 
4a  98 

75  46 

xa6o 

25 

75  32 

96X 

90 

42  5t» 
42  55 

76  05 
76  38 

650 

16 
93 

42  27 

76  37 

^V 

>9 

42  53 

77  09 

567 

>9 

42  42 

77  " 

740 

30 

43  08 

77  51 

78  xo 

XL  i 

35 

42  49 

»7 

4a  96 

79  24 

710 

x6 

25-04 


31.93 
27.50 


31-65 
25-45 


27.54 

«5-73 

93.9  X 

27-46 
19.66 
94.97 


74-10 

56.  x6 

.  47.04 
43-6j 

65.3* 

45.5» 
48.M 

53-63 

i  47.63 

and  >A/ 

'estern 

55-63 

•  •  • 

.  36.61 
40.36 

•  •  • 

35. 'o 

34.52 
36.48 

50-97 

40.52 

44.93 

.  34-65 

33-3« 

■  •  >  • 

3».52 

55-98 

4'»-32 

4944 

34. »  5 
36.4s 

56:69 

4>.49 
41.14 

•  •  •   • 

33.50 

50.75 

30.  X5 
38.63 

1  . . ,.  • 

45.  «o 

36.36 

i  45-08 

30.75 

1  .  ■... 

34.42 

1  



34. 7  « 
30.87 

;  44.90 

3842 

'  43-03 

32.56 



•  •  •  •  • 

30.44 
36.55 

34-99 
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Rainfall  in  the  United 


CROUP  -4.— Upper   Mississippi,    part   of  loipira,    Minn 

Wisconsin. 


esota.  and 


Statiok. 


Lat. 


Fon  Ripley,  <MiQD....« 46*19' 

Fort  SoelUng,      "    :  4453 

Dubuque,  Iowa 4a  yo 

Milwaukee,  Wis. 43  03 

Muscatine,    Iowa 41  ao 

Fort  Macltsoo,  **     4037 


LOKC 


ABOVK 

Ska. 


'    94  «9' 

X130 

'    93  »o 

Sao 

2?S 

91  05 

92  a8 

666    1 

% 

600 

■ 

Ybaks 

MiK. 

Max. 

OF 

Akkual 

ANNt^Al. 

Racotto 

Ra». 

Rain. 

/mcJUs, 

Imcke*. 

• 

«7 

tajc/S 

36.X4 

' »: 

tSfi? 

49.09 

«5 

»5«07 

47»9 

•3 

^S 

44-86 

\i 

74-«> 

•7.54 

54.  «4 

>lKtf 

AKxru 
Raix. 


25.11 
asJa  ' 
33-17 

42J8 
41^ 


33-»7 


CROUP  6.— Ohio  River  Valley,  Western  Pennsylvania  to  Eastern 

Missouri. 


Alleghanv  Arsenal,  Penn 4032 

Steubenville,  Ohio 40  25 

MarietU.  "    39 

Cincinnati.  **    30 

Portsmouth,       "     38 

Athens,    III 39 

St.  Louis  Arsenal,  Mo 38 

St.  Louis,  "  38  37 

Jefferson  Barracks,  **  38  28 


25 

06 
42 
52 
40 


80  02' 

80  41 

81  29 

84  25 

82  S3 

8956 
90  10 
90  16 
90  15 


704 
670 

580 
582 
468 
800 

% 

472 


23 

37 
48 

16 
ax 


25.62 

28.0a 

32-46 

25.49 
25.50 

25.  la 

24.08 

27.00 

a9.i8 


47-79 
57.28 

"n 

65.18 

42.70 

44.87 

56.79 

38.33 

48.17 

39.fc 

l\'^ 

42.^ 
42.18 

68.83 

55.13 

40.^ 

40,88 


GROUP  6,— Indian  Territory  and  Western  Arkansas. 


Fort  Gibson,  Ind.  Ter ;    3548' 

Fort  Smith,  .\rk 35  23 

Fort  Washita,  Ind.  Ter 34  »4 


95  03' 
9638 


560 


ao 
aa 
x6 


18.84 

24-34 
ax.8x 


55-82 
61.03 

64-29 


36.37 
40.36 

38.04 
I    38.25 


CROUP  7.— Lower  Mississippi  and  Red  Rivers;    part  of  Kentucky. 

Sprinffdalc,  Ken |  38  07' 

Washinjfton.  Ark 33  44 

Vicksburg,  Miss j  33  23 

Natchez,         "    31  34 


85  24' 

93  41     1 

90  56 

91  25     j 

1 

570 
660 

350 
264 

24 
22 

i6 

18 

30,91 
41.40 
37.21 
31.09 

67,10 
70.40 
6o.a8 

78-73 

1  48-58 
54-50 
49-30 

!     53  55 

5«.48 

CROUP  8.— Mississippi  Delta,  and  Coast  of  Mississippi  and  Alabama. 


New  Orleans,  La 1    2957'  1    9002 


Mt.  Veinon  Arsenal,  Ala. 
Baton  Rouge, 


3X  12 
30  26 


88  oa 
91  18 


ao 

aoo 

41 


23 

«5 
X5 


4«.92 

67,  xa 

5X.49 

106.57 

41.34 

116.40 

51-05 

OOiXO 

59." 


CROUP  9.— Paoinc  Coast,  Bay  of  San  Francisco  to  Alaska. 


San  Francisco,  Cal '  3748'  ;  X22  26'  170  I      18 

Sacramento,        "          j  38  35  1  121  28  82  x8 

Fort  Vancouver,  W.  Ter 45  4°       12230.'  50  '      16 

Fort  Steilacoom,        **      '  47  10  ,  12a  25    .  300  16 

Sitka,  .Alaska 5703       «35  *8  20  x6 


".73 
XX.15 

25.9* 
25.75 
58.68 


36.03 

•7.44 
56.09 
70.ai 
95.8X 


i    41.49 


Pio.  3. 
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34.  Monthly  Fluctiiatioiis  in  Rainfoll. — Otir  gi:>iii;r- 
aHzatioiis  thus  far  have  referred  to  thetiieau  anoual  lainTall 
over  large  sections.  There  is  a  large  range  of  fluctuation  iu 
the  average  amount  of  precipitation  through  tlie  difl'erent 
Beasonet  of  the  year,  in  different  sections  of  the  United 
States.  It  will  be  of  interest  to  follow  out  this  phase  of  the 
question  in  diagrams  3  and  4,  in  which  type  curves  °  of 
monthly  means  are  drawn  about  a  line  of  annual  nuan 
covering  a  series  of  years,  in  no  case  less  tliaii  fifteen. 

The  letters  J,  P,  M.  &c.,  at  the  heads  of  the  diagrame, 
are  the  initials  of  the  months.  The  heavy  lionzontal  linM 
represent  means  for  the  year,  which  are  taken  as  unity., 
Their  true  values  may  be  found  at  the  foot  of  their  respect 
ive  groups  in  the  above  table.  About  this  liue  of  annual 
mean  is  drawn  by  free-hand  the  type  curve  of  mean  mia* 
fall  thi-ough  the  successive  months,  showing  for  each  mondl 
its  percentage  of  the  annual  mean. 

Each  tyiie  curve  relates  to  a  section  of  country  having 
uniform  characteristics  in  its  annual  distribution  of  rain. 

Curve  No.  1.  for  Group  No.  ],  includes  the  section  of 
country  bordering  upon  the  Atlantic  sea-coast  from  Port- 
land to  Washington.  The  avei-age  fluctuation  of  the  year 
in  this  section  is  forty  per  cent.  Its  maxiniuni  minfall 
occurs  oftenest  in  August,  and  its  minimum  oflenest  i 
January  or  February, 

OuTve  No.  2,  for  GTroup  No.  2,  includes  the  AUaiiti 
coast  border  from  Virginia  to  Florida.  Tlie  average  flu 
illation  of  the  year  is  one  hundred  and  nini-ty-eight  ] 
cent.  Its  maximum  rainfall  (kthfs  oftenest  about  the  fi 
of  August,  and  nearly  equal  minium  in  A]iril  and  OctobM; 

•  Keduced  from  ■  diBfrmii  Uy  CIiiim.  Schott,  ('.  K..  SniithsoiiUiii  OinUil 
lioii,  Vi.l  SVIII,  p.  IB.  Tl»>  tul.W  "f  Amerirati  miiifBll  Hrauiged  by  " 
ficlicilt, ^id  publiahdl  in  l!ie  balilc  volinii^,  arc  exo'^iii^'ly  luluablo. 
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Curve  No.  J,  for  Gronp  Xo.  3,  includes  the  upper  Hud- 
son ffirer  ralley,  and  northern  and  western  New  York 
The  average  fluctuation  of  the  year  is  sixty-six  per  cent 
Its  maximum  rain&U  occurs  oftenegt  near  the  first  of  July 
and  its  minimum  oftenest  about  the  first  of  February. 

Carre  3o.  \^  for  Group  Xo.  4,  includes  a  part  of  Iowa, 
central  Minnesota,  and  part  of  Wisconsin,  in  the  upper 
Mississippi  vaUey.  The  average  fluctuation  of  the  year  is 
one  hundred  and  nine  per  cent.  Its  maximum  rain&U 
occurs  oftenest  in  the  latter  jiart  of  June  and  its  minimum 
oftenest  about  the  first  of  Februarv. 

Oarre  No.  5,  for  Group  No.  5.  includes  the  Ohio  River 
vallev,  from  western  Pennsylvania  to  eastern  Missouri 
The  average  fluctuation  of  tlie  year  is  seventy -three  per 
cent.  Its  maximum  rainfall  occurs  oftenest  about  the  first 
of  June  and  its  minimum  oftenest  in  the  latter  part  of 
January. 

Curve  No.  6,  for  Group  No.  6.  includes  the  Indian  Ter- 
ritory and  Western  Arkansas.  The  average  fluctuation  of 
the  year  is  ninety -one  i)er  cent.  Its  maximum  rainfall 
occurs  oftenest  about  the  first  of  May  and  its  minimum 
oftenest  at  the  opening  of  the  year. 

Curve  No.  8.  for  Group  No.  8,  includes  the  Mississippi 
Delta  and  Gulf  coast  of  Alabama  and  Mississippi.  The 
avera<re  fluctuation  of  the  year  is  seventy -five  per  cent  ltd 
maximum  rainfall  occurs  oftenest  in  the  latter  part  of  July 
and  its  minimum  oftc^nest  early  in  October. 

A  similar  tj-pe  curve  for  Group  No.  9,  the  region  border- 
ing ui)on  the  Pacific  coast  from  the  Bay  of  San  Francisco 
to  Puget's  Sound,  would  show  an  average  annual  fluctua- 
tion throujsh  the  seasons  of  two  hundred  and  thirty-two 
per  cent.  The  fluctuations  here  have  nothing  in  common 
with  the  Mississippi  and  Atlantic  tyi)es.    The  maximum 
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rainfall  here  occure  oftenest  in  Decfimber  and  the  minimam 
oftenest  iii  July. 

35.  KeciUur  PlurtiintioiiH  In  Rainfall.— Diagram  a 

illustmt*'8  the  secular  fluctuations  in  tlit!  raiufall  tlirongb  a 
lon^  aeries  ul"  jfars  iu  the  Atlantic  aystt-m  and  in  the  central 
Missisaippi  sjatem.  It  preaents  tlie  succt^ssions  of  wet  and 
dry  periods  as  they  vibratf  back  and  forth  about  the  meao 
of  the  whole  jKriod. 

The  extreme  fluctuation  ia  in  the  first  case  twenty -6%ht 
per  cent.,  and  in  the  second  case  thirty  per  cent. 

36.  Local,  PhyHU-al,  and  McteorolnKieal  Iiiflu- 
ynces. — Tlie  above  statiatica  give  sufficient  data  for  deler- 
minin*!  approximately  the  general  averagt^  rainfall  in  any 
one  of  the  |)rincipal  river-basins  of  the  States. 

Then!  are  local  influences  operatinR  in  laost  of  the  main 
physical  divisions,  analogous  to  those  governing  rainfall  in 
the  grand  atmospheric  systems- 
Referring  to  any  local  waterslied,  and  the  detailed  study 
of  such  is  oftenest  that  of  a  limited  gathering  ground  tribu- 
tary to  some  riv'T,  we  have  to  note  especially  the  mean 
temperature  and  capacity  of  the  atmosphere  to  bear  vapcw,] 
the  source  from  which  the  chief  saturation  of  the  atmoBi 
phere  ia  derived,  the  prevailing  winds  at  the  different  se*i 
sons,  whether  in  tiarmony  with  or  opposition  to  the  direction 
of  this  source,  and  if  any  high  lands  that  will  act  as  con- 
densers of  the  moisture  lie  in  its  path  and  filcli  its  vapoiflj 
or  if  guiding  ridges  converge  the  summer  showers  in  moifl 
than  due  proportion  in  a  favored  valley.  A  careful  studj* 
of  the  local,  physical,  and  meteorological  influences  wiB 
usually  indicate  quite  unmistakably  if  the  mean  rainfall  d 
a  subordinate  watershed  is  greater  or  less  than  that  of  tb( 
main  basin  to  which  its  streams  are  tributary.  There-f 
rarely  a  Ridden  change  of  mean  precipitation,  except  at  fit! 
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crt^st  of  an  elevated  ridge  or  tiie  brink  of  a  deep  and  narrow 
ravine, 

:t7.  I'tiifumi  Efloctn  «f  Natural  Laws.  —  When 
slndic'S  of  hwal  rain  alls  are  contim-d  to  mean  results, 
negU^ting  the  uceasimial  wide  de])arture3  from  the  influence 
of  the  general  controlling  atmospheric  laws,  the  actions  of 
natnre  seem  jirecist'  and  regular  in  their  8uee€«Bion8,  and  in 
fact  we  find  that  the  governing  forces  hold  results  with  a 
firm  bearing  close  uiwin  tlieir  appointed  line. 

But  occasionally  they  break  out  from  their  accustomed 
coarse  as  with  a  convulsive  leap,  and  a  storm  rages  as 
though  the  windows  of  ht-aven  had  burst,  and  floods  sweep 
down  the  water-courses,  almost  irresistible  in  their  fury. 
If  hydnmlic  constructions  are  not  built  aa  firm  as  the  ever- 
histing  hills,  their  mins  will  on  such  occasions  be  borne 
along  on  the  flood  toward  the  ocean. 

.18.  Great  Rain  Storms.— In  October,  1869,  a  great 
Ktorm  mctvtHl  up  along  the  Atlantic  coast  from  Virginia  to 
New  York,  and  passed  througli  the  heart  of  New  England, 
with  disastrous  effect  along  nearly  its  whole  coui-se.  Its 
rainfall  at  many  jroints  along  its  central  path  was  from 
eight  to  nine  inches,  and  its  duration  in  New  England  was 
from  forty  to  fifty-nine  hours. 

In  Augast,  1874,  a  short,  heavy  storm  jjassed  over  east- 
ern Connecticut,,  when  there  fell  at  New  London  and  at 
Norwich  twelve  inches"  of  rain  within  forty-eight  hours, 
five  inches  of  which  fell  in  four  hours.     Such  storms  are 

'  upon  the  Atlantic  coast  and  in  the  Middle  and  West- 
s  States. 

Short  storma  of  equal  force,  lastiug  one  or  two  hours, 
J  more  common,  and  the  flood  effects  from  tliem,  on  hiUy 

'  Froiu  data  Hupplied  bv  II.  B.  Wliialiip,  Bupt,  o[  NorwicJi  Water- works. 
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watersheds,  not  exceeding  one  or  two  square  miles  area, 
may  be  equally  disastrous,  and  waterspouts  sometimefl 
burst  in  the  valleys  and  fliKxi  tiieir  streams. 

39.  Maximum  Ratios  of  Floods  to  Raiiifalls.- 
When  the  surface  of  a  small  watershed  is  generally  rocky, 
or  impi^rvious,  or,  for  instance,  when  the  ground  is  frozen 
and  uncovered  by  snow,  the  maximum  rate  of  volume  of 
flow  through  the  outlet  channel  may  reach  two-thirds  of  the 
avf^rage  rate  of  volume  of  rain  falling  upon  the  gathering- 
giound. 

40.  Volume  of  Water  iW>m  given  Rainfalls.— The 
rates  of  volume  of  water  falling  per  minute,  for  the  rates  of 
rainfall  per  twenty-four  hours,  indicated,  are  given  in  cubic 
feet  per  minute,  i)er  acre  and  i)er  square  mile,  in  the  follow- 
ing table : 


TA  BLE     No-     8. 

Volume  of  Rainfall  per  Minutf^  for  given  Inches  per  Twenty- 
four  Hours. 


R.\I.N»AI.L    PEK 

VOLIME    I'«-K 

MiNiTE  on- 

\*«'LI  MF    I'KK 
MiMTE    ON 

R\infam 

»*ER 

VOLI'MK    PER 

MiNLTK  on- 

VOLI  MR    PU 
MiNLTE  O.N 

One  Acre. 

One  Sq.  Mile. 

24    HOIKS. 

Inches, 

One  Acre. 
Ct,.  /ret. 

OnbSq.  Mile. 

huhfs. 

Cm. /ret. 

Cu  feet. 

Cm.  /cet. 

O.I 

.252 

161.33 

I 

2.521 

•     1613.3I 

.2 

.504 

322.67 

2 

5042 

3226.62 

•3 

•756 

484.01 

3 

7-563 

4840.00 

.4 

1.008 

645-33 

4 

10.084 

'     6453- -5 

•5 

1.264 

806.67 

5 

12.605 

;     8o66.;6 

.6 

1-515 

968.00 

6 

15.126 

;  9679-^*^7 

.7 

1765 

1122.73 

7 

17.647 

,.11293.18 

.8 

2.107 

1290.67 

8 

20.168 

12906.50 

•9 

2.269 

1450.00 

9 

22.689 

14529.81 

• 

10 

25.200 

16133.12 

41.  Gaujiring  Rainfall.— A  pluviometer,  Pig.  6,  is  use5 
to  measure  the  amount  of  rain  that  falls  from  the  sky.  It  it 
a  deep,  cylindrical,  open-topped  dish  of  brass.    Its  top 
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edge  is  thin,  bo  it  will  receive  just  the  rain  due  to  the  sec- 
tional area  of  the  open  t<")p. 

A  convenient  size  is  of  two  inches  diameter  at  a,  and  at 
6  of  such  diameter  that  its  sectional 
area  is  exactly  one-tenth  the  sec- 
tional area  at  a,  or  a  little  more 
than  one-half  inch. 

When  extreme  accuracy  is  re- 
quired, the  diameter  at  a  is  made 
ten  inches  and  at  &  a  little  more 
tiian  three  inches,  still  maintaining 
the  ratio  of  sectional  areas  ten  to 
onf,  the  displacement  of  tlie  meas- 
ttritig-rod  being  allowed  for. 

This  rain-gauge  should  he  set 
vertically  in  a  smooth,  open,  level 
ground,  and  the  grass  around  be 
kept  smoothly  trimmed  in  summer. 
Tli*'  top  of  a  ten-inch  gauge  is  set 
at  about  one  foot  above  the  surface 
of  the  ground,  and  of  smaller 
pnges,  clear  of  the  gra.ss  surface. 

The  gauge  sliould  be  placi-d  sufficiently  apart  from 
tinildiagB,  fences,  trees,  and  slimba,  so  that  the  volume  of 
fsin  gathered  shall  not  be  augmented  or  reduced  by  wind- 
tidies. 

If  ench  a  situation,  secure  from  interference  by  animals 
W  by  mischievous  persons,  ia  not  obtainable,  the  gauge 
^y  be  set  upon  the  flat  roof  of  a  building,  and  the  height 
above  the  ground  noted. 

Tbe  measuring-rod  for  taking  the  depth  of  rain  in  b  is 
l^1aduat<H^  in  inches  and  tenths  of  inches,  so  that  when  the 
Sfftions  of  a  and  A  are  l^n  to  one,  ten  inches  upon  the  rod 


«4 

ootmispomdB  witli  one  indi  of  acteal  wmtJl,  aad  one  inch 
CD  tlK*  rrid  to  one-ttntb  inch  of  nin,  aad  oiie4enth  on  tlie 
rod  to  out-hundrtdHh  of  tain. 

Suow  ii<  faogfat  in  ai  cjiiiidiical,  noticid-fiided  dish,  not 
lem  Xhsui  ten  incbt^  diaunKer.  mcjled^  mod  then  measorpd  as 
rahi.  Memoraodums^  of  depths  of  sdow  b^ote  mcdting, 
with  datipfi.  aiv  preserred  also. 

It  lias  been  obseired  at  nameroiis  places,  that  elerated 
plarioiueters  indicated  less  rain  than  those  placed  in  the 
nfngfa boring  ground.  When  there  is  wind  during  a  shower, 
the  [jath  of  the  drcips  is  parabolic,  being  much  inclined  in 
the  air  above  and  n^^rlv  rertical  at  the  surface  of  the 
ground.  A  circular  rain-gauge,  held  hori£ontallj,  presents 
to  inclinf^  drofKf  an  elliptic  section,  and  ocmsequently  less 
effective  area  tlian  to  vertical  drops. 

TIk'  law  due  to  height  alone  is  not  satisfactorily  estab- 
Iis|j<-<1,  though  ffieveral  formulae  of  correction  have  been 
bugg<*st<rd,  some  of  which  were  very  evidently  based  upon 
errofi<x>us  measures  of  rainfall. 

Ttie  observed  rainiall  at  Greenwich  Observatory,  Eng- 
land, in  the  year  1855,  is  rejx)rti^,  at  ground  level,  23.8 
inc-lies  depth  :  at  22  ffH*t  higln^r,  ^>7  of  tliat  quantity,  and 
at  50  f«.^t  higher,  .42  of  that  quantity. 

The  obsen-ed  rainfall  at  the  Yorkshire  Museum,  Eng- 
land, in  the  years  1882,  1833,  and  1834,  is  reported,  for 
y«*arly  av(^mg<\  at  ground  level,  21.477  inches;  at  44  feet 
higher,  .81  as  much,  and  at  213  feet  higher,  .606  as  much. 

Unless  vi^lantly  watclied  during  storms,  the  gauges  are 
liable  U)  overflow,  when  an  accurate*  r«*cord  becomes  impos- 
sible. Overflow  cups  are  sometimes  joined  tc  rain-gauge8| 
near  their  tops,  to  catch  the  surplus  water  of  great  storms. 
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42.  Flood  Voliuiie  luversely  iih  the  Area  of  the 
Basin.— A  rain,  falling  at  the  i-ati.-  of  one  inch  in  twenty- 
four  lionrs,  delivers  upon  each  acre  of  drainage  area  about 
2..^  cubi<;  feet  of  water  each  minute. 

If  ajxtn  one  s*|uare  mile  area,  with  froz<>n  or  imjK'iTious 
surfaci',  there  falls  twelve  iiiclies  of  rain  in  twenty-four 
hours,  and  two-tliirds  nf  this  amount  flows  off  in  an  equal 
leugth  of  time,  then  the  average  rate  of  flow  will  be  215 
Tibic  feet  per  second. 

Any  artilicisl  channel  cut  for  a  stivam,  or  any  dam 
Suilt  across  it,  must  have  ample  flood-way,  overtall,  or 
Kiste-sluice  to  jmss  the  flood  at  its  maximum  rate. 

The  rate  of  flood  flow  at  the  outlet  of  a  watershed  is 

isually  much  less  from  a  large  main  basin  than  fi-om  its 

jbufary  ba^s,  because  the  proportion  of  plains,  storage 

ODiU,  and  pervious  soils  is  usually  greater  iu  large  basins 

tlian  in  small,  and  the  flood  flow  is  consequently  distrib- 

U'd  tbrougli  a  longer  time. 

In  a  small  tributary  shed  of  steep  slope  the  period  of 

axiinum  Sood  flow  may  follow  close  after  the  maximum 

rainfall ;    but  in  the  main  channel  of  the  main  basin  the 

maximum  flood  effect  may  not  follow  for  one,  two,  three,  or 

more  days,  or  until  the  storm  ujwn  its  up]>er  valley  haa 

atiivly  ceased. 

4.'t.  Fommlje  for  Flood  Vdluiiies.—Tliei'ecorded  flood 

asurements  of  American  streams  an.'  few  in  number,  but 
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TiI)on  plotting  such  data  as  is  obtained,  we  find  their  mean 
curve  to  follow  very  closely  tliat  of  the  equation, 


Q  =  200  (M)i, 


(1) 


in  which  M  is  the  area  of  watershed  in  square  miles  and  Q 
the  volume  of  discharge,  in  cubic  feet  per  second,  from  the 
whole  area. 

The  coeflicient,  for  ordinary  floods,  for  New  England 
and  Appalachian  watersheii«  varies  from  180  to  200,  and 
for  Eastern  Middle-Stat«  watersheds  vares  from  tW)  to 
100,  and  for  tributaries  to  the  Mississii)pi,  on  the  west, 
varies  from  12  to  50. 

Among  the  Indian  Professional  Papers  we  iind  tlie  fol- 
lowing formula  for  volume,  in  cubic  feet  per  second  : 


Q  =  c  X  27  (M)*. 


(2) 


in  which  c  is  a  co-efficient,  to  which  Colonel  Dickens  has 
given  a  mean  value  of  8.26  for  East  Indian  practice. 

Testing  this  formula  by  our  American  curve,  we  find  the 
following  values  of  c  for  given  areas : 


Area  in  sq.  miles. . .     x.    !   a. 
Value  of  r i  7.41  j  9.33 


10.68;  1 1.761 13.46 


8. 


10. 


14.83115.96 


15. 
18.26 


ao.     30. 
90.  IX  33.08 


40- 
95.33 


SO* 
97.96 


75. 
31.96 


XOOb 


Mr.  Dredge  suggests,  also  in  Indian  Professional  Papers, 
the  following  formula : 

M 
Q  =  1300  j^i  (3) 

in  which  L  is  the  length  of  the  watershed,  and  M  the  area 
in  square  miles. 

Our  formula,  modified  as  follows,  gives  an  approximate 
flood  volume  per  square  mile,  in  cubic  feet  per  second : 


200' M)i 


(4) 


TABLE  OF  FLOOD  VOLUMES. 


67 


in  which  M  is  the  area  of  the  given  watershed  in  square 
miles. 

44.  Table  of  Flood  Volumes. — Upon  the  average 
New  England  and  Appalachian  basins,  maximum  floods 
may  be  anticipated  with  rates  of  flow,  as  per  the  following 
table:     (See  §386,  page  381,  Waste-Weirs.) 

TABLE     No.     9. 
Flood  Volumes  from  givkn  Watersheds. 


Flood  Discharge  hkr 

Arba   op   Water* 

Fu)OD   DiSCHAKOK 

SgcAKK  Milr. 

Fluou  Dischargk 

SHRU. 

M. 

FOR  Whoi.r   Arka, 
Q  =  2.0  (M)^ 

200  (M)^ 
V?=        M 

Cm.  Feet  per  Second. 

PRR    ACRR. 

Sf.  Mf'/es. 

Cu.  Feet^er  Second. 

Cm.  Feet  f^er  Minute. 

0-5 

114.87 

229.74 

21.54 

I 

200. 

200.00 

18.75 

2 

348. 

174.  II 

16.32 

3 

482 

160.54 

15-05 

4 

606 

I5I-57 

14   21 

6 

839 

139.77 

13.10 

8 

1056 

U1.95 

12.37 

lO 

1262 

126. 19 

11.83 

15 

1745 

116.36 

10.91 

20 

2197 

109.86 

10.30 

25 

2627 

105.06 

9.85 

30 

3039 

101.29 

9-50 

40 

3825 

95.63 

8.97 

50 

4573 

91.46 

8.57 

75 

6325 

84.34 

7.91 

100 

7962 

79.62 

7.46 

200 

13863 

69.31 

6.50 

300 

19175 

63.92 

5-99 

400 

24137 

60.34 

5.66 

500 

28854 

57-71 

5-41 

600 

33385 

55-64 

5.22 

800 

42024 

52.53 

4.92 

1000 

50238 

50-24 

4-71 

1500 

69487 

46.32 

4-34 

2000 

87469 

43-73 

4.10 

3000 

120984 

40.33 

3-78 

4000 

152292 

38.07 

3.57 

5000 

182056 

36.41 

3-41 
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45.  SeaAons  of  FloodH. — Great  floods  occur  only 
when  peculiar  combinations  of  circumstances  favor  such 
result. 

A  knowledge  of  the  magnitude  of  the  floods  upon  any 
river,  and  of  their  usual  season,  is  invaluable  to  the  director 
of  constructions  upon  that  stream,  to  enable  him  to  take  such 
precautionary  measures  as  to  be  always  prepared  for  them. 
Such  knowledge  is  also  requisite  to  enable  him  to  compute 
the  storage  capacity  required  to  save  and  utilize  such  flood, 
or  to  calculate  the  sectional  area  of  waste  weir  required 
upon  dams  to  safely  pass  the  same. 

Long  rivers,  having  their  sources  upon  northern  moun- 
tain slopes,  have  usually  well-known  seasons  of  flood,  de- 
pendent upon  the  melting  of  snows  ;  but  small  watersheds 
in  many  sections  of  America  are  subject  to  flood,  alike,  at 
all  seasons. 

46.  Influence  of  Absori>tion  and  Evaporation 
iil>on  Flow.— The  rainfall  upon  the  Atlantic  coast  and 
ui)on  the  Mississippi  valley  appears  compai-atively  uniionn 
when  nott?d  in'its  monthly  classification,  but  the  ability  of 
any  one  of  thejjr  watersheds  to  supply,  from  flow  of  stream, 
a  domestic  demand  equal  to  its  mean  flow  is  by  no  means 
as  uniform. 

W(^  have  sjeen  tliat,  according  to  the  statistics  quoted, 
tlie  consumption  of  w^ater  is  not  as  uniform,  when  noted  by 
monthly  classifi(!ation,  as  is  the  monthly  rainfall.  When 
lesser  classifications  of  rainfall  and  consumption  are  com- 
pared, there  is  scarce  a  trace  of  identity  in  their  plotted 
irregular  profiles. 

Evaporation,  though  comparatively  uniform  in  its 
monthly  classification,  is  very  irregular  as  observed  in  its 
lesser  periods.  ; 

In  the  spriiig  and  early  summer,  when  vegetation  is  in 
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wt  thrifty  growth,  the  innumerable  rootlets  of  Howets, 
■asses,  shrubs?,  and  forests,  gather  in  a  large  proportion  of 
rainfall,  and  pasa  it  tlirough  tlieii'  arteries  and  back  into 
tlie  atmospliere  b<\vond  reat^Ii  for  animal  uses. 

47.  Flow  ill  Nt'HHOiis  of  Mliiiniuni  Rainfall. — In 
tralheriug,  basins  having  limited  pondage  or  available 
sUiragc  of  rainfall,  tlie  flow  from  minimum  annual,  and 
minimum  periodic  raini'all  demands  e8i>ecial  study.  Occa- 
sionally the  annual  rainfall  continues  lees  than  the  general 
mean  through  cycles  of  tliree  or  four  years,  as  is  indicated 
in  the  above  diagram  of  curves  of  secular  rainfall.     The 

Fin  rain  of  such  cycles  of  low-rainfall  is  occasionally  less 
n  eight-teuths  of  the  general  mean. 
We  have  selected  for  data  ujH)n  this  point  the  rainfall 
records  of  twenty -one  stations,  of  hmgest  observation  in  the 
United  States,  at  various  points  fj'oni  Maine  to  Louisiana 
and  from  California  to  Sitka.  The  computation  gives  the 
annual  rainfall  of  the  least  three-year  cycle  at  any  one  of 
these  point.'!  as  .67  of  the  general  mean  annual  rain  at  the 
same  point,  and  aimual  rainfall  of  the  greatest  three-year 
loic  cycle  as  .97  of  the  general  mean  at  the  same  point.  An 
JiVerage  of  all  these  stations  gives  the  three-year  low  cycle 
^wnfall  as  .81  of  the  average  mean  annual  rainfkll. 
B  48.  Perioilic  OlasNifieation  of  Hiiiiifall  Avnilablo 
i^n  Flow. — Ni'xt,  the  rainfall  and  tiip  pjrtion  of  it  that  can 
be  made  available,  demands  especial  study  in  its  monthly, 
or  less  ]>eriodic  classification.  It  is  desirable  to  know  the 
ratio  of  each  month's  average  fall  to  the  mean  monthly  fall 
for  the  year,  and  the  percentage  of  this  fall  that  is  exempt^-d 
frttm  absorptions  by  vegetation  and  evaporations  intfj  tlie  • 
atmosphere,  and  that  Hows  from  springs,  and  in  the  streams, 
since  it  is  ordained  by  Nature  that  the  lily  and  the  oak 

L?ed,  shall  first  l^e  supplied  and  the  atmospheric 
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processes  be  maintained,  and  the  surplus  rain  be  dedicated 
to  the  animal  crt'ation,  aa  tiieir  ueiressities  demand  aud 
ingenuities  j»ennit  them  to  make  available. 

49.  Sub-mirlaei'  EqiializerN  ttf  Flow. — The  inti*r- 
stices  of  the  soils  and  the  i-ifvices  of  the  rocks  were  filled 
Jong  ages  ago,  and  now  regularly  aid  in  eqiializiiig  the  flow 
of  the  springs  and  stivanis  without,  to  any  considerable 
extent,  ai^'ctiiig  the  total  annual  flow,  yet  their  influeuf*  ia 
obseiTable  in  cycles  of  droughts  wlieu  the  sub-sar&ce  water 
level  is  drawn  slowly  down. 

The  substructure  of  each  given  watershed  has  its  indi- 
vidual storage  peculiarities  which  may  increase  or  diminish 
the  montlUy  flow  and  degree  of  regularity  of  flow  of  its 
Btrearaa  to  an  imijortant  extent. 

If  a  porous  subsoil  of  great  depth  and  storage  capacity 
is  overlaid  with  a  thin  crust  of  soil  thi-ough  which  water 
percolatt!8  slowly,  a  great  flood-rain  may  fall  suddeidy  over 
the  nearly  exhausted  sub-reservoir  and  bi.'  run  off  to  the 
rivers  without  replenishing  appreciably  tlie  waning  sjiringa, 
or  increasing  their  flow  as  would  an  ordinary  slow  rainfall. 

On  the  other  hand,  if  ite  surface  ttoil  is  open  and  absorb- 
ent it  may  be  aide  to  receive  nearly  the  whole  flood  and 
distribute  it  gradually  from  ita  springs. 

The  early  sealing  over  of  the  subsoil  by  winter  &osts 
before  the  usual  subterranean  storage  has  accumulated 
from  winter  storms,  or  a  shedding  of  the  melting  snows  ire 
spring  by  a  like  frost-crust,  may  result  in  a  diminished  flow 
of  the  deep  spring  in  the  following  summer. 

Subsoils  that  exhaust  themselves  in  onlinary.i 
are  comparatively  valueless  to  sustain  the  flow  in  the  b 
and  third  years  of  cycle  droughts. 

Steep  and  impervious  earths  yield  no  springs,  but  gatitifli 
their  waters  rapidly  in  the  draining  streams. 
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50.  Flashy  and  St*a<Iy  Htrcanis. — Upon  tlie  sti^ep 
and  rocky  watersht^is  i>f  nortlicni  New  Hampahire,  we  find 
(■xtrcme  examples  of  "flashy"  streams  tliat  an*  furiouy  iu 
storm  and  vanish  in  droughts. 

Upon  the  satnrat^-d  sands  of  Hempstead  Plains  on  Long 
Island.  N.  Y.,  we  tind  an  opposite  extreme  of  constant  and 
i-ven  tiow,  where  a  great  undei^round  reservoir  co-extensive 
with  its  supplying  watershed,  feeds  its  streams  with  remark- 
able uniformity. 

Alnuist  all  degrees  of  constancy  and  fickleness  of  flow 
are  to  be  found  in  the  several  sub-section  stn>ams  of  any 
one  of  our  great  river  basins. 

61.  Peculiar  VVaterjthedM. — Tlie  extremes  or  resulta 
from  }»ecnliai'  watersheds,  aiv  in  all  cases  to  be  considered 
(7/f  extremes  when  their  individual  merits  and  capacities  of 
supply  itre  investigat^xl,  an<t  the  investigation  may  otlen 
take  the  direction  of  det'Tmining  the  relations  of  its  results 
to  results  from  a  general  mean,  or  ordinary  waterehed, 
eB|>ecially  as  resiKHita  its  mean  temperature,  its  mean  hu- 
midity of  atmosphere,  tile  direction  from  wlience  its  storms 
come,  thi;  frequency  of  its  stonn  winds,  the  extent  of  its 
storms  in  the  different  seasons,  the  imperviousneas  or  the 
porosity  of  its  soils  and  rocks,  tlie  proportions  of  its  steep, 
gently  undulating,  and  flat  surfaces,  and  also  it  is  to  be 
observed  if  it  can  be  classed  among  those  rare  instances  in 
which  one  watershed  is  tributary  as  giver  to  or  receiver 
from  another  basin,  involving  an  investigation  of  its  geo- 

ical  substructure. 

S'i.  Summaries  o€  Monthly  Flow  Statisties.— 
ve  analyzed  s(mie  valuable  statistics  of  monthly 

ifalls,  and  measui-tHl  flow  of  streams  in  Massac:  luisetts 

New  York  State,  wliirh  are  too  voluminous  for  reino- 

iction  here,  and  present  the  deduced  results.     The  records 
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are,  first,  from  a  report  by  Jos.  P.  Daris,  C.  E.,  relating  to 
the  watershed  of  Cochituate  Take,  which  has  Buppli«l  the 
.  city  of  Boston  with  water  until  supplemeuted  in  1876  Irom 
the  Sudbury  River  watershed ;  second,  from  a  table  com- 
piled by  Jas.  P.  Kirkwood,  C.  E.,  relating  to  the  watershed 
of  Crotoii  River  above  the  Croton  Dam ;  and  third,  from  a 
paper  read  by  J.  J.  R.  Croes,  C.  E.,  before  the  American 
Society  of  Civil  Engineers,  July,  1874,  relating  to  the  water- 
shed of  the  West  Branch  of  the  Croton  River. 

Additional  statistics  relating  to  Sudbury  River  are  given 
on  page  83f7. 

Tlie  summaries  are  as  follows : 


TAB  LE    No.    1  O. 
Summary  of  Rainfall  upon  the  Cochituate  Basih. 

Average  annual^  ^^033  inches ;  Average  monlhly.  4-5S6  Inches. 
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TABL  E     No.    1  1. 
Summary  of  Rainfall  upon  the  Croton  Basin. 

Average  annual^  4^-497  tJicbcs ;  average  monthly^  ^-"7  Incbes. 
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TABLE    No.     12. 

;'  SUMMAKT  OF  RAINFALL  UPON   CrOTON   WeST-BrAMCH    BaSW. 
Avenge  uuntal,M.«a9iiicke*;  mTcnge  monttaiy.  4.039  Incbei. 


i 

i 

1'* 

1 

1.633 

1 

11 

+ »  1  «'■ » 
l.ojo    I,>J7 

1 

3 

i 

in. 

B 

J 

^ 

tm. 

.7«J 

3-%     s'&j 
_4|?7_,_l-« 
..>^     .J.B 

fa. 

3.J6 

-783 

ESZS;::::::. 

RMiD  of  moDlhly 

TABLE     No.    13. 

SUMHAKT  OF  PERCENTAGE  OF  RaINFALL  FLOWING  FROM  TBB  COCHIT- 
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TABLE     No.    14. 
StnfHAKT  OF  Percentage  of  Rainfall  Flowing  from  the  Croton 
■1-  Ba^in. 

Avenge  peicenlige  o(  *renge  enniul  njofill  flowing  off.  17.47. 
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TABLE     No.    IB. 

SltUUARY  OF  PlTRCENTAGE  OF  RaIKFALL  FLOWING  FROM  TBI  CVOKM 

West-Branch  Basin. 

At'cngc  perceaUee  of  BTenss  laoual  nJo&U  Bowtof  off,  70^ 
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TABLE     No.     16. 

Summary  of  Volume  of  Flow  of  Rainfall  from  the  Cochituaii 

Basin  (in  cubic  feet  per  minute  per  square  mile). 
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TABLE     No-     17. 

Summary  of  Volume  of  Flow  of  Rainfall  from  the  Croton 

Basin  |in  cubic  feet  per  minute  per  square  mile). 
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TABLE     No.     18. 

StniMARY  OF  Volume  of  Flow  of  Rainfall  from  tkr  Crotow 

Wist-Branch  BAsrw  (iu  cubic  feet  per  minute  per  square  mile), 
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.Vt.  Miuiiuiinit  Mean,  and  Flood  Flow  of  Htn-anis. 

^.K\\  analysis  of  the  published  rin'ords  of  volumes  of  water 
flowing  in  the  streams  in  all  the  seasons  has  led  to  tlie  fol- 
lowing approximate  estimate  of  volumes  of  flow  in  tlie  aver- 
age Atlantic  coast  basins : 

The  Tninimvm  refers  to  a  fifteen  days'  period  of  least 
finmmer  flow. 

The  mean  refers  to  a  one  hundred  and  twenty  days' 
period,  covering  usually  July,  August,  September,  and 
October,  beginning  sometimes  earlier,  in  June,  and  ending 

letimes  later,  in  November. 

The  maximum,  refers  to  flood  volnmes. 


ri' 


TABLE     No.     19. 
EsTtMATtis  OF  Minimum.  Mean,  amd  Maximum  Flow  or  Streaks. 
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This  table  refers  to  streams  of  average  nataral  pondage 
and  retentireness  of  soil,  bat  exclndes  effects  of  artificial 
storage.  The  tiactnations  of  streams  will  be  greater  than 
indicated  by  the  table  when  prevailing  slopes  are  steep  and 
rocks  impervious,  and  lees  In  rolling  country  with  perviooa 
soils. 

54.  Ratios  of  Monthly  Flow  lu  Streams. — A  cate- 
fnl  analysis  of  the  published  records  of  monthly  flow  of  tibe 
average  Atlantic  coast  streams  leads  to  the  following  ap- 
proximate estimate  of  tlie  ratio  of  the  monthly  mean  min- 
fall  that  flows  don-n  the  streams  in  each  given  month  of  the 
year,  in  which  due  consideration  of  the  evaporation  from 
aoUs  and  foliage  in  %-ery  dry  8(-asons  has  not  been  n^lected. 


TABLE     No.    20. 
MoNTHLv  Ratios  op  Flow  op  Streams. 


J^ 


Here  unity  equals  the  mean  monthly  flow,  or  one-twelfth 
the  mean  arniiial  How. 

To  cora]Kite,  approximately,  the  inches  depth  of  tain 
flowing  in  tlie  etreanirt  each  montli,  onsj-twelfth  the  mean 
annual  rain,  at  tlie  given  locality,  may  be  multiplied  by  the 
i-atios  in  Hk*  foilowinjs  table.  For  illustration,  a  mean 
annual  rain  of  40  inches  depth,  giving  ;^.333  inches  mean 
monthly  di^ptli,  is  assumed,  and  the  iivailable  flow  of  stream 
expressed  in  inches  depth  of  rain  is  added  a^r  tbe  ratios. 


Ratios  of  Mean  Monthly  Rain,  and  iNcues  c 
EACH  Month, 
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For  low-cycle  years,  use  eight-Umths  {§  47)  the  available 
monthly  deptii  of  rain  flowing. 

55.  Mean  Annnul  Flow  of  Streams.— When  month- 
ly data  of  the  flow  of  any  given  stream  is  not  obtainable,  it' 
may  ordinarily  be  taken  npon  average  drainage  areas,  for 
an  annnal  How,  as  equal  to  fifty  per  cent,  of  the  annual 
rai  nfall . 

Or,  for  difltjrent  surfaces,  its  ratio  of  the  annual  rain. 
including  floods  and  flow  of  springs,  is  more  approximately 
as  follows : 


I 


From  mountain  slopes,  or  steep  rocky  hills  . 

Wooded,  swampy  lands   

Undulating  pasture  and  woodland ......... 

Flat  cultivated  lands  and  prairie 


.80  to  .90 
.60  to  ,80 
.50  to  .70 
.45  to  .60 


'  Since  stations  for  meteorological  observatioiiP  are  now 
established  in  or  near  almost  all  the  populous  neighbor- 
hood-s  and  some  of  the  stations  have  already  been  estab- 
lished more  than  a  quarter  of  a  century,  it  is  easier  to  obtain 
data  relating  to  rainfall  than  to  the  flow  of  streams.  Ir 
,  SuiU  the  required  data  relating  to  a  given  stream  is  rarely 
■fttaiDable,  and  the  estimates  relatih^'  to  the  capacity  aiid 


fl.fl 
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I 


reliability  of  the  stream  to  famish  a  given  water-supply 
miift  necessarily  be  quite  si^)eculative. 

56.  KNtimates  «f  Flow  i>f  Streams. — In  such  case, 
an  estimate  of  tlie  capacity-  of  a  stivam  to  deliver  into  a 
reservoir,  conduit,  or  immji-well  is  computed  according  to 
some  scheme  suggested  by  extended  observations  and  study 
of  streams  and  their  watersheds,  and  long  experience  in  tlie 
construction  of  water  supplies. 

Tile  fii'st  reconnoissance  of  a  given  watershed  by  an  ex- 
pert in  hydrology  will  ordinarily  enable  him  to  judge  very 
closely  of  its  capacity  to  yield  an  available  and  suitable 
water  supply ;  for  his  comprelieiision  at  once  grasps  its 
geological  structure,  its  pliysical  features  and  its  usiml 
roett  -rological  phenomena,  and  liis  educated  judguient 
euppJies  tlie  necessary  data,  as  it  were,  instinctively. 

If  the  eatimat*"  of  flow  of  a  stream  must  be  worked  up 
from  a  survey  of  the  watershed  ai-ea  and  the  moan  annual 
rainfall,  as  the  principal  data,  then  recourse  may  be  had  to 
the  data  and  estimates  given  above,  relating  to  the  questioa, 
for  average  npland  basins  of  one  hundred  or  less  sqnaxttl 
miles  area.  V 

In  illusti-ation,  let  uf*  assume  a  basin  of  one  square  mile' 
area,  having  a  forty-inch  average  annual  rainfall,  and  then 
proceed  with  a  romjmtation.    This  is  a  convenient  unit  of 
area  upon  which  to  base  computations  for  latger  an'as. 

The  ratios  of  the  three-yejir  low  rain  cycles  gives  Uiein 
mean  rainfall  as  about  eight-tenths  of  the  general  med 
rainfall.  We  assume  it  to  be  eighty  jxr  cent.  The  met 
annual  tlow  of  the  stream  we  a8,-*ume  to  be  fifty  per  cent,  t 
the  annual  rainfall.  Eight-teuths  of  fifty  i)er  ci'nt.  giw 
forty  i)er  cent,  of  the  annual  minfallas  the  annual  availahl 
0nw  of  the  stream,  and  fiirly  per  cent,  of  the  forty  inch 
rainfall  gives  an  equivalent  of  sixteen  inches  of  ratnfal 
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flowing  down  tbe  stream  annnally.  The  monthly  average 
flow  is  then  taken  as  one-twelfth  of  aixt<wn,  or  one  and  one- 
tliird  inches.  Our  estimated  monthly  percentage  of  mean 
tlow,  a^  given  above  t§54i,  is  sometimes  much  in  excess 
and  !*ometime8  lees  tliau  tlie  monthly  average.  Flows  less 
than  the  mean  aiv  to  be  compensated  for  by  a  proportion- 
att-  ineivast^'  nf  stoiBge  above  the  mean  storage  required. 
The  montldy  computations  are  as  follows : 
,,       ,  ,  40  incites  x  60  iiercent.  x  .8 

Montldy  mean  = rSmonths =  '  *« 

inches  average  available  rain  monthly.  This  average  nuil- 
tiplietl  by  the  i-espective  ratios  of  tiow  in  each  ntonth  gives 
the  inches  deptli  of  available  miii  flowing  in  the  it'spectiv* 
months,  thus: 


Janualy 1,333  x  1.65  =  2.10 

Febniarr "  x  1-50  =  2.00 

Much "  X  1.65  =  210 

April "  K  145  =  193 

May "  X  ,85  =  1.13 

June ■'  "  -75  =  :.oo 

July '■  X  .35  =  .47 

August '■  X  25  =  .33 

September "  x  .30  =  40 

October "  x  .45  =  .60 

November *■  x  1.30  =  1.60 

December "  x  1.60  =  a.14 

Again,  uniting  the  constants,  we  have  - — --g—  =.0333. 

which,  multiplied  by  the  respective  ratios  of  monthly  flow, 
thus  :  .Ian.,  .0333  x  1.66  =  .055,  etc..  gives  diivctly  the  mean 
jfttio  of  the  low  cycle  annual  rainfall  that  is  available  in  the 
ream  each  month. 
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Ftow  IN  Or.  Ft.  m 
MwuTB  pn  Sq.  Ml 

Of  BACH  MotCTH. 

Jan 40  incbes     x  .055  =  3.20  inches  depth  =  iz6.6o 

Feb "  X  .050  =  2.00  "  =  io6joo 

March...  ••  x  .055  =  2.ao  ••  =  116.60 

April  ...  "  X  .0483  =  1.93  *  =  102.29 

May ••  X  .0283  =  1. 13  "  =  59.89 

June ••  X  .025  =■  i.oo  **  =  53X)0 

July *•  X  .012  =  .47  "  =  24.91 

Aug "  X  .0083  =  .33  **  =  '7-49 

Sept •*  X  .010  =  .40  •*  =  21.20 

Oct •*  X  .015  =  .60  ••  =  31.80 

Nov •*  X  .040  =  1.60  *•  =  84-80 

Dec ••  X  .0533  =  2.14  •*  =  1 1342 

Total,     16.00  inches.        Mean,    7a67ca.ft. 


67.  Ordinary  Flow  of  Streams. — ^Mr.  Leslie  haa 
proposed*  an  arbitrary  rule  for  computing  the  ^^ average 
Bnmraer  discharge"  or  ''ordinary"  flow  of  a  stream,  from 
the  daily  gaugings,  as  follows : 

*'  Range  the  discharges  as  observed  daily  in  their  order 
of  magnitude. 

''  Divide  the  list  thus  arranged  into  a^  upper  quarter,  a 
middle  half,  and  a  lower  quart(*r. 

"Th(^  disciiarges  in  tlie  upper  quarter  of  the  list  are  to  be 
considered  as  floods,  and  in  thfe  lower  quarter  as  minimum 
flxyws, 

*'  For  each  of  the  gaugings  exceeding  the  average  of  the 
middle  half,  including  flood  gaugings,  substitute  the  average 
of  the  middle  half  of  the  list,  and  take  the  mean  of  the 
whole  list,  as  thus  modified,  for  the  ordinary  or  average 
discharge^  exclusive  of  fl^ood-watersy 

This  rule  applied  to  a  number  of  examples  of  actual 
measurements  of  streams  in  hilly  English  districts  gave 
computed  ordinary  discharges  ranging  from  one-fourth  to 


♦  Minates  of  Proce*^mjf8  of  InBtitntion  of  Civil  Engineers,  Vol.  X,  p.  887. 
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B-third  of  the  measured  m^an  discharge,  including 
floods. 

The  ordinary  flow  of  New  England  streaniB  is,  at  an 
average,  equivalent  to  about  one  million  gallons  per  day 
per  square  mile  of  drainage  area,  which  expressed  in  cubic 
feet,  equals  about  ninety-two  cubic  feet  per  minute  per 
Bquare  mile. 

The  above  computation  for  the  average  flow  in  low  cycle 
years  gives  a  little  less  than  eight-tenths  of  this  amount,  or 
seventy-one  cubic  feet  per  minute  per  square  mile  as  the 
average  flow  throughout  the  year,  and  a  little  less  than  oue- 
fourtli  this  amount  as  the  minimum  monthly  flow.* 

58.  Tables  of  Flow  Equivalent  io  (ilveii  D(>x»tb8 
of  Itiiiii. — To  Ikcilitate  calculations,  tables  giving  the 
equivalents  of  various  depths  of  monthly  and  annual  raiii- 
lalls,  in  even  continuons  flow,  in  cubic  feet  jK-r  minute  per 
acre,  and  per  square  mile,  are  here  inserted. 

Greater  or  less  numbers  than  those  given  in  Tables  -i-i 
and  23  may  be  found  by  addition,  or  by  moving  the  decimal 
^point ;  thus,  from  Table  22,  for  40.363  inches  depth,  take 
^B  Depth,  30         inches  =  1590.204  c 

^L  10        "    =  530.068 

^B  -3  '  5-902 

^P  .d6  3.180 

^B  .ooj  =  .106 

^H  40.362  inches  =  2139.460  ( 

^r  fo  reduce  the  flows  in  the  two  tables  to  equivalent  vol- 
umes of  flow  for  like  depths  of  rain  in  one  dat,  divide  the 
flows  in  Table  22  by  30.4360  {log.  =  1.483400i,  and  divide 
the  flows  in  Table  23  by  365.2417  (log.  =  2.fi62P81). 

*  Some  ueetnl  data  relatiug  lo  Ilic  flow  of  («rtaiii  Britieh  and  Continniilal 
iiiaj  be  foond  in  Beardniore'a  "  Manual  of  Hydrology,"  p.  149  (IjOtt> 
1BS8>. 
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TA  B  L.E    No.    2S 


Equttalemt  Volumes  or  Flow,  for  r-ivEN  Dbpths  of  Rain  n 

OSZ   MOKTH-* 


DUTHS  iir   RjlDf 


"  Rjro'ALi.^  Fiatr  is  Ct>-  SocnALaxr  V 
B     Bc   Put  m  Hm-n     sc  Forw 


/Kto,    1 

■ 

.01 

00083 

-530 

^3-'3^ 

.01 

00166 

1.060 

46.464 

■03 

00Z48 

'■590 

69,696 

■04 

0033' 

a.  1 20 

92.928 

•OS 

00414 

1.650 

116,160 

.06 

00497 

31S0 

139.39' 

.07 

00580 

3-7>o 

■  62,614 

.08 

oo66j 

4.240 

185.856 

.09 

00745 

4-770 

209.688 

00828 

5-3007 

232,320 

.3 

01656 

io.6or4 

464.640 

■3 

01484 

15,9020 

696.960 

■4 

0331 1 

2I.20?7 

929.280 

■5 

04140 

^6.5034 

1, 161. 600 

.6 

0496S 

31-S041 

1.393-920 

■7 

05796 

37-1048 

1,626.240 

.8 

06624 

42.4054 

1,858.560 

■9 

o745» 

47-7061 

2,090.880 

o8i3 

53-0068 

2,323,200 

2 

1656 

106.0136 

4,646.400 

3 

2484 

I59-C204 

6,969.600 

4 

33'^ 

212.0272 

9,292,800 

5 

4140 

265.0340 

11,616.000 

6 

4968 

318.Q40S 

13,939.200 

7 

5796 

371.0476 

16,262.400 

8 

6624 

424-0544 

18,585,600 

9 

745* 

477,0612 

30,908,800 

10 

828 

530.o'>S 

a3.23J.ooo 

656 

1060.136 

46,464.000 

30        a 

4«4 

1 510- 204 

69.696,000 

*  One  month  is  Uken  eqokl  to  30.486B  d*ji. 
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TABLE     No.    23. 

Equivalent  Volume  of  Flow,  for  given  Depths  of  Rain  in 

One  Year.* 


'ETTHs  OF  Rain 

BoinvALSNT  Flow  in 
Cubic     Kbbt     pbx 

Equivalent  Flow  in  Cu- 
bic   Kbbt  per  Minute 

Equivalent  Flow  in  Cu- 
bic Feet  per  Year  peb 

III  Osm,  Yeak. 

MiNUTS  PBS  ACBB. 

PBX  Square  Mile. 

Squabe  Mile. 

Imckes, 

.01 

.000069 

•  .0442 

23,232 

.02 

.000138 

.0883 

46,464 

•03 

.000207 

•1325 

69,696 

.04 

.000276 

.1767 

92,928 

•05 

•000345 

.2209 

116,160 

.06 

.000414 

.2650 

139,392 

.07 

.000483 

.3092 

162,624 

.08 

.000552 

•3534 

185,856 

.09 

.000621 

•3976 

209,088 

.1 

.00069 

.4417 

232,320 

.2 

.00138 

.8834 

464,640 

•3 

.00207 

1-3252 

696,960 

•4 

.00276 

1.7669 

929,280 

-5 

•00345 

2.2086 

19161,600 

.6 

.00414 

2.6503 

^393*920 

•7 

.00483 

30921 

1,626,240 

.8 

.00552 

I'SIZ^ 

1,858,560 

•9 

.00621 

3-9755 

2,090,880 

i.o 

.0069 

4.4172 

2,323,200 

2 

.0138 

8-8345 

4,646,400 

3 

.0207 

13-2517 

6,969,600 

4 

•.0276 

17.6689 

9,292,800 

5 

•0345 

22.0862 

11,616.000 

6 

.0414 

26.5034 

i3>939'2oo 

7 

.0483 

30.9206 

16,262,400 

8 

•0552 

35-3379 

18,585,600 

9 

.0621 

39-755^ 

20,908,800 

10 

.069 

44.1723 

23,232,000 

20 

.138 

88.3447 

46,464,000 

30 

.207 

132.5170 

69,696,000 

40 

.276 

176.6894 

92,928,000 

50 

•345 

220.8617 

116,160,000 

60 

.414 

265.0340 

139,392*000 

*  One  year  is  taken,  equal  to  305  days,  5  hours,  49  minutes. 
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TA  B  L  E     No.    S8b. 

Statistics  ok  Flow  ok  Sudbury  River,  Mass, 
1875  10  1894. 

Aria  tir  Watek&hbu  ji..  Suvam  Milu. 


Monthly  flow,  cubic  f«t  per  dfound  pir  square  mile, 
Pcrceniue  ot  yearly  rain  (lowing.  .       .       ,       . 

Inchen  ufialn  Hawing,  yearly  {j,  ycara),    , 
Minimum  Anw  In  any  week,  cubic  (ret  |ier  second  per  ! 
Muaimumflow  in  any  day.  d>i.  do.  i 

Kale  <>f  Hnw  in  Auruu,  Seplemhcr,  and  Oclubi-r.  cuU 

Annual  evaporaliorifrom  water  mrface,  inches  depth, 

Mmi™"^  (la^MW,  per  square  i^<-  i^day! .  "^  .'      . 
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J  L  E     No.    23b, 

,!.    KLUWINO    KROM   THE   SUDBURY    BaSIN. 
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^^                                 TABLE    No.    23c.                                               V 
Rl'n-off  of  thk  SunBURv  River  Watershed.*  1875  to  1899.           1 
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CHAPTKR   V. 

BTOHAOE    AXD    EVAIHJKATIOX   OF   WATEB. 
STORAGE. 

59.  Artifleial  Stonige.— Tlie  fluctuations  of  the  rmo-  ' 
fall,  flow  of  stivaius,  and  coiiBiiraption  of  wattr  in  the  difler- 
ent  seasons  of  tlie  year,  requii-e  almost  invariably  that,  for 
graciiation  and  hydraulic  power  pumping  supplies,  there 
shall  be  aititicial  storage  of  the  surplus  waters  of  the  sea- 
sons of  maximum  flow,  to  provide  for  tlie  draught  during 
the  si-astms  of  miiiinuiin  flow.  A  grand  exception  to  tliis 
general  nile  is  tiiat  of  tlie  natural  storage  of  tlie  chain  of 
great  lakes  that  equalizes  the  flow  of  the  St.  Ljtwrenw 
River,  which  furnislieB  the  domestic  water  supply  of  the 
City  of  Montreal  and  tiie  hydraulic  power  to  pump  the  same 
to  the  reservoir  on  the  mountain, 

Wlien  tlie  mean  annual  consumption,  whether  for  do- 
raeatic  use,  or  for  ptjwer  and  domestic  use  combined  is 
nearly  equal  to  the  mean  animal  rtf)w  of  the  supplying 
watershed,  the  question  of  ample  storage  becomes  of  su- 
preme importance.  Tlie  chief  river  basins  of  Maine  present 
remarkable  examples  of  natural  storage  facilities,  since 
tiiey  have  from  six  to  thirteen  per  cent.,  respectively,  of 
their  large  watershed  areas  iri  pond  and  lake  surfaces. 

60.  LosHCH  InoMlent  to  Stoniffi*.— There  are  losses 
incident  to  artilicial  storage  that  must  not  be  overlooked; 
for  instance,  the  pertrolation  into  tlie  earth  and  through  th6 
L'mbankment,  evaptiration  from  the  resen'oir  surface  and  I 
from  the  saturated  borders,  and  in  some  instances  constants 
draught  of  the  slian^  of  ripiirian  iiwners. 
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61.  Sub-strafa  of  the  Storage  Basin.— The  structure 
of  the  inipouudmg  basiu,  espwially  wht*Q  the  water  ia  to 
fill  it  to  great  height  above  the  old  bed,  is  to  be  minutely 
examined,  as  the  water  at  its  new  level  may  cover  the  edges 
of  poroUB  strata  cropping  out  above  the  cliannel,  or  may 
lind  access  to  fissured  nteks,  either  of  which  may  lead  the 
storage  by  subterranean  paths  along  the  valley  and  deliver 
il,  i)os8ibly,  a  long  distance  down  the  stream,  or  in  a  iiiul- 
liliide  of  springs  beyond  tlie  impoundinj;  dam.  If  the 
water  carries  but  little  a.'diment  of  a  silting;  nature,  this 
trouble  will  be  difficult  to  remedy,  and  liable  to  be  serious- 
ly chronic. 

63.  Percolation  from  Storagre  Basins.— Percolation 
through  the  retaining  embankment  is  a  result  of  slighted  or 
unintelligent  constniction,  and  will  be  discussed  when  con- 
stmctive  features  are  hen^after  considered.  (See  Resen'oir 
Embankments.) 

6;$.  Rights  of  Riparian  Owners.  —  Tlie  rights  of 
riparian  owners,  ancient  as  the  riparian  settlements,  to  the 
use  of  the  water  that  flows,  and  its  most  favored  j)iscutorj- 
prodoce,  is  often  as  a  thorn  in  the  impounder's  side.  What 
are  those  rights  I  The  Courts  and  Legislatua's  of  the  man- 
ufacturing States  have  wrestled  with  this  question,  tlieir 
judges  have  grown  lioary  while  they  pondered  it,  and  their 
attorneys  liave  prospered,  and  yet  who  shall  say  wliat 
rijtarian  rights  shall  be,  untU  the  Court  has  considered  all 
anew, 

Beloe  mentions"  that  it  is  a  "common  (British)  rule  in 

manufacturing  districts  to  deduct  om.'-sixth  the  average 
lainfall  for  loss  by  floods,  in  addition  to  the  absorption  and 
wai)oration,  and  then  allow  one-third  of  the  remainder  to 

*  Betm'  on  ResprvnirB.  p.  12.     Lordrai,  1872. 
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the  riparian  owners,  tearing  two-thirds  to  the  imixiundera. 
Id  some  instances  this  is  varied  to  the  proportion  of  one^ 
quart*T  to  the  former  and  three-qnarters  to  the  latter." 

Tin*  question  can  only  be  settled  equitably  npon  the 
basis  of  daily  gau^ruigs  of  flow,  through  a  long  series  of 
ywir>.  A  theoretical  i-onsideration  involves  a  thorough 
investigation  of  its  geological,  physical,  and  meteorological 
f«^un*s.  There  is  n<>  more  constancy  in  natural  flow  at  any 
eeas^)n  than  in  tlie  densitj*  of  the  thermometer^s  mercuiy. 
The  flow  in<*n^s*'s  as  the  storms  are  gathen»d  into  the  chan- 
nel, it  decri*as4*s  when  the  bow  has  appeariHi  in  the  heavens; 
it  inrreases  when  tlM*  moist  clouds  swt^p  low  in  the  valleys, 
it  decn*as«*s  under  the  noonday  sun  ;  it  increases  when  the 
sliadows  of  evening  fall  across  the  banks,  it  decreases  when 
tlie  sliai7>  frosts  congeal  th«»  stn^nis  among  the  hills. 

M.  Periodical  ('lassifieatioii  of  Riimiian  Rights. 
—Tlie  riparian  rights  su]>jf»ct  to  curtailment  by  storage 
nii^ilit  Ik?  elassititnl  by  periods  not  greater  than  monthly, 
tlioiitrli  tliis  is  ran^y  desimbh*  for  either  party  in  interest, 
but  tliey  slionld  bi'  bas«*d  u]K)n  the  most  reliable  statistics 
of  monthly  minfall,  <'vajK)ration,  and  flow,  as  analyzed  and 
applied  with  disci])lin<»d  judgni<»ut  to  the  particular  loi*ality 
in  (piestion. 

IkI.  ( 'oiiipeiisat  ions. — In  the  absence  of  local  statistics 
of  flow,  it  may  become  n(H.vssaiy,  in  settling  questions  of 
riparian  rights,  oi' adjusting  comjn^nsiition  therefor,  toesti- 
niute  tlie  peiiodic  flow  of  a  stream  by  some  such  method  as 
is  suggested  above  in  the  g(»n(Tal  discussion  npon  the  flow 
of  stn^ams,  after  whieli  it  remains  for  the  Court  to  fix  the 
l)roportion  of  th(»  flow  tliat  tlie  impoundei*s  may  manipulate 
for  their  o\^ni  convcMiience  in  the  successive  seasons,  and  the 
proportion  tliat  is  to  be  i)assed  down  the  stream  r^ilarly 
or  perio<lically. 
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«6.  Loss  from  Kcsvrvoii-  by  Evaporation.— Losses 

bv  evaporations  from  the  Hm-taces  of  eliallow  storage  i-csi>r- 
Toirs,  lakes  and  jwudM  aa-.  in  many  localities,  so  great  in  tUe 
RnmmtT  and  antuinn  tliat  their  areas  are  omitted  in  compu- 
tations of  wat«jr  dcrii'able  from  their  watersheds.  This  is  a 
safe  practice  in  dry,  wami  climates,  in  which  the  evapora- 
tions from  Bliallow  ponds  may  nearly  or  quite  eqnal  the 
volnme  of  rain  that  falls  directly  inio  the  ponds.  Marshy 
nuiTfiins  of  jKjmlp  an-  iirofligatt*  dis]iensers  of  vapor  to  the 
;ilmosiihere,  usually  exceeding  in  this  respect  the  water 
siii-races  tliemselFe;*. 

07.  Evaporation  Phenomena.  —  The  measure  of 
evaporation  from  n  water  surface  is  the  resultiinl  of  foivea 
lit  viiporiuitioii  acting  ufxju  the  water  and  uirhi  I  lie  moisture 
in  the  air  near  the  water.  The  coiiMtituents  of  water  miiy, 
with  certain  chatiges  of  t^-mperature,  change  their  state  of 
existence  from  tliat  of  liquid  to  vapor,  vapor  ro  liquid  or 
liquid  to  solid,  nnd  solid  to  vapor. 

fjich  new  increment  of  heat  eiit*>ring  the  particles  of 
mist  in  the  atmosphere  or  liquid  in  the  lake  increaf'es  their 
g:iseoiis  activities  and  diffusive  jiowers,  iind  the  rapidities 
of  vaporizjitions  of  liquid,  smnv,  ice,  and  the  moisture  of 
the  air  depends  upon  their  n'spective  nbsorption  rates  of 
heat.  The  volume  of  vajior  diffused  from  water  surfaces 
inlxj  the  air  irreatly  exceeds,  usually,  the  diffusion  from  the 
iuljacent  air  and  condensiition  into  the  water,  not  including 
ihedeMsitions  of  showers.  Tliis  difference,  the  net  loss  of 
the  wat^T,  is  the  rate  or  volume  of  evaporation  fmm  the 
w;it«*r  The  re.sulrant  varies  in  weight  with  the  difference 
,  between  the  dynamiciil  force  of  the  vapor  in  the  water  and 
^■he  like  force  of  the  vapnr  in  the  air.  due  to  their  respec^ 
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tive  temperatures,  and  further  to  the  relative  dryness  and 
motion  of  the  receptive  air  sweeping  across  the  water. 

The  atmosphere  has,  however,  for  each  given  tempera- 
ture a  limit  of  power  to  retain  vapor.  When  winds  blow 
briskly  across  a  reservoir,  large  volumes  of  unsaturated  air 
may  be  presented  to  receive  the  diffused  vaix>r  from  the 
water,  while  the  wave  agitation  aids  at  the  same  time  the 
escape  of  vapor  from  the  rufBed  water  sur&ce,  giving  a 
large  rate  of  net  evaporation. 

68.  Evaporaitioii  fi*om  Water.— Mr.  Fiti^rald's 
careful  exi)erimental  measures*  of  evaporation  from  water 
surfaces  at  Chestnut  Hill  reservoir  in  Boston,  was  as  follows: 

TAB  LE      No.     24. 

Experimental  and  Estimated  Monthly  Evaporation. 


M 


s  I  -8  ;  ^  ■  o.  I  «!  ;  §     •§*     a  I  fr 


O    '  2 


ii    I 


MeaMired  evaporation  in!  i 

inches I  0.90  1.20'   z.8o    3.10   4.611  5.86,  6.28    5.49'  4.09    a.95    1.63    i.ao  39.11 

Thccirelical  mean  evapor-;  '          | 

ation  in  inches 0.98  i.oi    x.45    3.39    3.83    5.34    6.az;  5.97   4.86;  3.47    3.24    1.38  39.it 

PerccniaKe  of  theoretical,          '  | 

mean  per  cent ...:  2.51  3.58    3.71    6.11    9.7613.6515.87x5.2612.42,  8.87'  5.73    3.53100.00 

Theoretical    mean    daily,  ! 

inches 0316  .0361  .0467  .0796  .1232  .1980  .2003  .1936  .1620*.  11x9  .0747  .0445  99-" 

_  ___  __  _:_■__■       <  I ;_ 

Mr.  Fitzg(*rald's  maximum  recorded  daily  evaporation 
from  the  I'eservoir  surface  was  on  June  23, 1886,  when  from 
tanks  Nos.  1,  2,  and  3,  the  evaporations  were  0.57,  0.64, 
and  0.58  ini^hes  i'esj)ectively,  the  mean  temperatures  of  the 
waters  being  nearly  70°  Fah. 


*  Evaporation,  Trans.  Am.  Soc.  Civ.  Engrs.^  Vol.  XV.,  p.  581. 
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TABLE     No.    24.   ■ 
Evaporation  frow  Water  at  Ehdrup,  Dehuark. 

N.  Lu.  ss''*'"i  ^  Long   la  34"  bom  Grecawkh. 
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TABLE     No.    2B. 
69.  Evaporation  ftwm  Earth. — Mean  Evaporation  from 
Earth,  at  Boiaon  Le  Moors,"  Lancashire,  Enc.,  1844  to 
1853,  inclusive. 
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Mean  Evaporation  from  Earth,  at  Whitehaven,  Cumberland^ 

EnG.,    1844  TO    1853    INCLUSIVE. 
LaL  54  ya"  N. ;    Height  above  the  Sea,  90  feeL 
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70.  Examples  of  Evaporation.— Charles  Greaves, 
Esq.,  conducted  a  series  of  experiments  upon  percx)lation 
and  evaporation,  at  Lee  Bridge,  in  England,  continuously 
from  1860  to  1873,  and  has  given  the  results  *  to  the  Insti- 
tution of  Civil  Engineers.  The  experiments  were  on  a  laiigi^ 
bcah»,  and  the  very  complete  record  is  apparently  worthy 
of  full  contidim(*(\ 

The  evaporation  boxes  were  one  yard  square  at  the  sur- 
fac(^  and  one  yard  deep.  Those  for  earth  were  sunk  nearly 
tlush  in  the  ground,  and  that  for  water  floated  in  tlm 
river  Lee.  The  mean  annual  rainfall  during  the  time  was 
27.7  inches.  The  annual  evaporations  from  soil  were,  mini- 
mum 12.067  inches;  maximum  25.141  inches;  and  mean 
J 0.534  indies :^from  sand,,  minimum  1.426  inches;  maxi- 
mum 9.102  inches;  and  mean  4.648  inches: — from  WdteTy 
minimum  17.332  inches;  maximum  26.933  inches;  and 
mean  22.2  inches. 

Som(?  experimental  evaporators  were  constructed  at 
Dijon  on  the  Burgundy  canal,  and  are  described  in  AnruUes 
ilcs  Pouts  et  CJtdirs.ses.  They  are  masonry  tanks  lined 
with  zinc,  (4ght  f(  et  squaiv  and  one  and  one-third  feet  deep, 


Trans.  Iu9t.  Civil  Engiiieera,  1870,  Vol.  XLV,  p.  83. 
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and,  are  sunk  in  the  gi-ound.  From  1840  to  1852,  there  was 
ii  mean  annual  evaporation  of  26.1  inches  from  their  wat«r 
buriiices  against  a  rainfall  of  26,9  inches.  At  tlie  same  tiiui^ 
a  suiall  evaporator,  one  foot  square,  placed  near  the  larger. 
gave  results  fifty  per  cent,  greater. 

Observations  of  evaporation  from  a  water  surface  at  tlie 
receiving  reservoir  in  New  York  indicjited  the  mean  annual 
evaporation  from  1864  to  1870  inclusive  as  39.21  inches, 
which  equaled  81  per  cent,  of  the  ratufall. 

On  the  W'pst  Brancli  of  tlie  Croton  River,  an  apparatus* 
was  arranged  for  the  puipose  of  measming  the  evaporation 
from  water  surface,  consisting  of  a  box  four  feet  square  and 
tluvo  feet  deep,  sunk  in  the  earth  in  an  exposed  situation 
and  tilled  with  water,  Tlie  mean  aiuiual  evaporation  was 
ufonnd  to  be  24.15  inches,  or  about  fifty  per  cent,  nf  tho 
BMnfaU.  The  observations  were  made  twice  a  day  with 
care.    The  maximum  annual  evaporation  was  28  inches. 

Evaporations  from  the  surface  of  water  in  shallow  tanli^ 
HJe  variously  reported  ae  follows : 


I 


At 

Cambridge,  Mass., 

one    year 

^6.oo 

inches  depth. 

Salem, 

.;6.oo 

" 

" 

Svracuse,  N.  Y., 

" 

"          " 

" 

Ogdersburgh,  N.  Y 

49-37 

« 

" 

Dorset,  England, 

three   " 

25.91 

"          " 

" 

Oxford. 

five      " 

"          " 

" 

Demerara, 

three   " 

3S>* 

u 

*■ 

Bombay, 

five       " 

81.28 

" 

71.  RatiuH  of  Evaporation.— In  t^ie  eastern  and  mid- 
dle United  States,  the  evaporation  from  st(ua:ge  reservoirs, 
having  an  average  depth  of  at  least  t«n  feet,  will  rarely 
exceed  eighty  per  cent,  of  the  rainfall  upon  their  eurfaci- 

^w     ■   Fide  ptper  on  '■  Flow  at  Ihe  West  Branch  of  the  Crolon  River,"  by  J,  Jaft 
HK  Croea.    Tnna.  Ata.  Soc  Civ.  Engra..  July,  1874,  p  BS. 
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The  ratio  of  evaporation  in  eacli  montii  to  tlie  moiitlily  aver- 
age evaporation,  or  one-tweUth  the  atmoal  depth,  is  esti' 
mated  to  be,  for  an  average,  approximately  as  follows : 

TABLE     No.    26. 
MoHTHLY  Ratios  of  Evaporation  from   Rxservoirs. 


i  I. 


i  if '  J 


The  following  ratios  of  the  annual  evapmstion  irom 
water  surfaces  are  equivalent  to  the  above  monthly  ratioe^ 
and  may  be  used  as  multipliers  directly  into  the  annual 
evaporation  to  compute  an  equivalent  depth  of  rain  in 
inches  upon  the  given  surface  in  action.  Beneath  theratios 
are  given  the  equivalent  deptlis  for  each  month  of  40  inchea 
annual  rain,  assuming  the  annual  evajtorntion  to  eqtul 
eighty  per  cent,  of  the  niinfall,  or  3a  inches  depth. 


TABLE     No.    27. 
Multiplier.^  for  Equivalent  Inches  of  Rain  Evaporated. 


.Ba  1  Js    1-.]  i.w  i-i  4.*  ..as 
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♦.7« 

.olfc 

■Si 
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T3.  Kesiiltaiit' Effect  of  Rain  and  ETa|>oratton.— 

For  the  purpose  of  comi)aring  the  effects  upon  a  reservoir 
n-plenished  by  rain  only,  let  ua  assume  the  available  raio- 
fiill  to  be  eiglit-tentha  of  40  inches  per  annum,  and  the 
mtios  of  mean  monthly  rain,  and  tlie  ratios  of  annual  rain 
in  inches  depth,  to  be  as  per  the  following  table : 


^L                          FBACTICAI.    EFFECT    UPON    STORAGE.                        93            M 
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.aSis 

t.40 

■43 

I.JB 
W7 

MM 

.on 
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1    •^ 

.95 

*79» 

.- 1 

^^    Comparing,  in  the  two  last  tables,   and  their  loweBt 
columns,  the  inches  of  gain  by  rainfall  upon  the  rL^servoir, 
supposing  the  sides  of  the  rt's<.>n-oir  to  be  iwri>endicular.  and 
the  inches  of  loss  from  the  Bame  ivBenoir  by  evajioratioo, 
we  note  that  the  gain  pn-ponderatcj  nntil  June,  then  the 
loss  preponderates  until  in  November. 

73.  Practieal  Eflfect  h|i(hi  Storagt'.— Since  the  pmc- 
ticjil  value  of  storage  is  ordiaarily  realized  between  May 
and  November,  the  excess  of  loss  during  that  term  is, 
practically  considered,  the  annual  deficiency  from  the  reser- 
voir chargeable  to  evaporation.     \\  e  compute  its  maximum 
in  the  following  table,  commencing  the  summation  in  June 
all  the  qiuiutities  being  in  inches  depth  of  rain. 
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If  the  classification  is  reduced  to  daily  periods  instead 

of  monthly,  the    maximum    deficiency,  according    to  the 

^ftbove  basis,  will  in  a  majority  of  years  exceed  eight  inches. 

^              J 
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The  following  table,  No.  37a,  is  quoted  froin  tlte 
"  Monthly  Weather  Review,"  for  September,  1888,  and  is 
by  T.  Russell,  Asst  Prnf.  V.  S.  Signal  Service.  It  is  the 
result  of  one  year's  observations  at  the  GOgnal  statioDS 
named,  the  evaporations  being  reduced  ttom  measoies 
taken  with  a  Piche  evai)rometer.  Mr.  Russell  Bays,  "  It  is 
believed  that  these  figures  represent  approxitnately,  the 
monthly  and  annual  evaporations  that  take  place  from  tlie 
surface  of  ponds,  rivers,  resen-oirs,  and  lakes  in  the  vicinity 
of  the  respective  Signal  Senice  stations  named." 
TABLE    No.    27«. 

Computed  Relative  Monthlv  Evaporations  in  America. 
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TABLE   No.  2 7 a.-iOMUnuMt.) 


ScatkNuand  Districtt. 


HortlMrn  llop«. 

Fort  Asnntboine 

Fort  Custer 

Helena 

Cheyenne 

North  Platte  


Kiddla  Slope. 


1  >cnver  — 
Dodge  Qty 
Fort^liott 


Senthem  llope. 


Fort  Sill 

Fort  Davis  .. 
Fort  Stanton. 


Bonthem  PUt^an. 


El  Paso  . . . 
Santa  F^  . 
Flirt  Grant. 

^uina 

fCeeler 


Middle  PUUao. 


Fort  Ridwell  . . 
Winnemucca  . . 
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74.  Estimate  of  A  vailiibU-  Atitiiiul  Flow  of  Streams. 

— Applying  our  calculations  in  tho  last  cliaptw,  of  available 
flow  of  water  from  the  unit  of  waterelied,  one  square  mile, 
and  modifying  it  by  the  elements  of  compensation,  storage, 
evai>oration,  and  percolation,  we  then  estimate  mean  annual 
quantities  of  low-cycle  years,  aj)plicatle  to  domestic  con- 
fminption,  as  follows : 


Flow  of  nmin  iniUUe  (or  nonge,  ^  per  cent,  of 

This  available  rain  is  applied  to : 


The  7.36  inches  of  rain  estimated  as  available  from  a 
40-inch  annual  rain  equals  17,098.762  cubic  feet  of  water, 
which  is  equivalent  to  a  continuftns  supply  of  seven  cubic 
feet  per  day  i  =  52,36  gals.)  each,  to  Q,QQ'2  ]iersons. 

By  ap])lying  to  the  annual  results  the  monthly  ratJoa. 
aiid  thus  developing  the  monthly  snrplnses  or  deticienciee 
of  flow,  we  shall  have  in  (he  algebraic  sum  of  the  deticieii- 
cies  the  volume  of  storage  necessary  to  make  forty  per  cent, 
of  the  rainfall  available,  and  this  storage  must  ordinarily 
approximate  one-tliird  (»f  the  annual  flow  available  for 
storage. 
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75.  Estimate  of  Monthly  Available  Htoragfe  Ile- 
lired. — Compatation  of  a  supply,  and  the  i-equired 
>rage ;  applied  to  one  square  mile  of  watershed  as  a  unit 
area. 

Assumed  data:  Population  to  be  supplied,  6,500  i)er- 
Ds,  consuming  7  cubic  feet  per  capita  daily,  each  ; 

Mean  annual  rainfall,   40  inches,   and   eight-tenths  = 

inches  of  rahi,  in  the  low-cycle  years ; 

Available  flow  of  stream,  fifty  per  cent,  of  eight-tenths 
rain  =  16  inches; 

Compensation  each  month,  .168  of  one-twelfth  the  mean 
Liiual  dei)th  of  rain  =  .56  inches  each  month  uniformly ; 

Evaporation  annually  from  the  reservoir  surface  only, 
;hty  "per  cent,  of  the  depth  of  mean  annual  rain,  or  32 
dies;  and  monthly,  eighty  per  cent,  of  one-twelfth  the 
inual  evaporation  =;  2|  inches. 

Area  of  storage  reservoir,  .04  square  mile,*  or  25.6  acres, 
ith  (equivalent  available  draught  of  ten  feet  for  that  sur- 
c<\  The  evaporation  of  two  inches  from  four  hundredths 
a  square  mile  =  .10667  inch  from  one  square  mile. 

Volume  of  percolation  assumed  to  equal  J  volume  of 
aporation  fVom  the  reservoir  surface. 

The  monthly  ratios  will  be  multiplied  into 

—-P  -J- —  =  1.3333  ^"*  **^r  ^"^  monthly  now. 

12  months 

j-o      40  in.  mean  rain         c  '     c  .^ui 

S8  X =-50  m.  for  monthly  compensation. 

12  months 

J.  X  ^  — '- f-l_!  =  .  10667  ill.  for  monthly  evap.  from  reservoir. 

12  months 

**  =r  .0267  in.  for  monthly  percolation  from  reservoir. 

00  X  7  cu.  fl.  X  30.4369  days  ==  1,384,879  cu.  ft.  for  monthly  con- 
sumption. 


*  A  anit  )f  reservoir  area,  for  each  square  mile  wnil  of  watershed. 
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TABLE     No.    28. 
Monthly  Supply  to,  and  Draft  from,  a  Storage  Reservoir. 


Monthly 
I  Monthly     Mo'«thly  1  Evafora- 
MoNTH.  i      Flow,      i    C^"™"  ''"«'•  •^« 


I 


I        •—»"••  SATION. 

I  I        VOIR. 

'  cuhic/eet.  ;  cubic  fett,  cubic  feci. 


Feb.    \ 


Gaiu.  Lost. 

Ratio,  Z.65  RjUio,  .z68 

,040  1,300.992 

!  Ratio,  1.50  .168 

)  i  4,646,400  1,300.992 


,  (  '■■  Ratio,  ] 


Monthly 
Pbrcola- 

nON   FROM 

RSSKR- 

VOIR. 

cubic  Jcet. 


Monthly 
DoMBsnc 
Consume 

TION. 

cubic/cH. 


I 


Lms. 


Ratio.  .30  Ratio,  .075 
74,342        18,586 


Mar.    i 


'  Ratio,  1.65  ,        .z68 


I 


.318 
78,803 

.436 


I      5,111,040  1,300,992,  105,566 

^  '    i\  449i»520  1,300,992,  181,395 

j    Ratio,   .85  .168       j  1.128 

^y    \  I  2,632,960  1,300,992  279,528 


Tune  3  I  *^^'^'   •"         -'^       1       '53 
■^  /  I  2,323,200    i,300,992|    379,146 


.080 
19,701 

.106 
26,392 

.183 

45>349 

.28a 
69382 

•383 
94,786 


Uud. 

Ratio,  1.05 
>454>I23 

1. 10 


I 

i 

Surplus.    Deficicct 
cubic  feet,  .  cubic  f mi. 


^     '     J     1,084,160   1.300,992    453489    113,372 


Aug. 


^  ,  Ratio,    .^s  ,        -168  ,.95  .488 

'{  I       774,400    1,300,992,     483,721      120,930 


j  ,  Ratio,    .30  ,        .168 
^^  '    \  \      929.280    1.300, 


Oct. 


.300,992 

.168       > 


»-793  448 

444,320      111,080 


1.005 


\     Ratio,    .45 

{  !   1,393.920,    1,300,092      261438 


.168 


«-  (     Ratio,  I  20 

^  "^*    r   3.71 7.120'    1,300.092 


Dec. 


\  I  Ratio,  1.60  .168        I 

\  I  4,956,160    1,300,992 


558 
138,277 

•37^ 

93»67i 


.264 
65.359 

.139 
34,569 

.095 
23418 


2,262,997 


.523*367    i. 723,537 

.90       i  i 

,246,391    2431,699: 

.85    ;  ! 

,177,147  1,786,637, 


.90 
.246,391 


•  •  •  •  t 


x.oo 


.384379 

X.90 
,661,855 

1.95 

.73»»099 
1.05 
,454.123 

.90 


264.033 
836^)3 

2445.548 
2,762.342 
2,382,235 


,246,391 1  1480.260 


.85 


,177,147:  1.066,114 


•95 


.3i5»635;  2.222444 


Totals!37,i7i,20p  15,611,904!  2,973.696     743424  16,618,548  11493428  10,171.021 


From  certain  localities  no  claim  will  arise  for  diversion 
of  the  water,  or  the  diversion  may  he  compensated  for  by 
the  ]>ayTnent  of  a  cash  bonus,  in  which  case  the  proportion 
of  rainfall  applicable  to  domestic  consumption  will  be  a 
little  more  than  doubled,  and  approximately  as  follows, 
neglecting  percolation  from  the  storage  reservoir. 


MONTHLY   AVAILABLE    STORAGE    REQUIRED. 


97 


The  monthly  ratios  will  here  be  multiplied  info 

40  in.  X  .8  X  .50  p.  c. 

"^ — - —  =  1.3333  in.  for  the  monthly  flow. 

12  months  '' 

4oin.  x.Sop.c    '       ^    .     t-  *ui  r 

.04  X i^^ —  =  .1067  m.  for  monthly  evap.  from  reservoir. 

12  months  '        '^ 

13,500   persons  x  7  cu.  ft.  x  30:4369  days  =  2,876,287   cu.  ft.   for 

monthly  consumption. 

TABLE     No.    29. 
Monthly  Supply  to,  and  Draft  from,  a  Storage  Reservoir 

(without  compensation). 


Month. 


Jan. 

1 

Feb. 

< 

Mar. 

) 

Apr. 

May 

1 

June 

1 

July 

\ 

Aug. 

1 

Sept. 

1 

Oct 

a 

Nov. 

Dec. 

• 

Totals. 


Monthly 
Flow. 

C9t6ic  /ett. 


Gain. 

Ratio,  Z.65 
5,111,040 

Ratio,  1.50 
4,646,400 

Ratio,  z.65 
5,111,040 

Ratio,  Z.45 
4,491.520 

Ratio,    .85 
2,632,960 

Ratio,    .75 
2,323.200 

Ratio,    .35 
l/>84,l6o 

Ratio,    .as 
734.400 

Ratio,    .30 
929,280 

Ratio,   .45 
1*393.920 

Ratio,  z.ao 
3,717,120 

Ratio,  Z.60 
4,956,160 


37,171,200 


Monthly 

EVAfVKATIUN 

FROM 

RjCSBJtVOIR. 

cubic  feet. 


Lou. 

Ratio,   .30 
74.342 

.318 
78,803 

.426 
105,566 

•73a 
181.395 

1.128 
279,528 

1.530 
379.146 

X.830 
453489 

1.95a 
483.721 

'•793 
444.320 

1.005 
261,438 

.558 

138.277 

.378 
93.671 


M»).NTHLY 

Domestic 
conslmption. 

cubic  feet. 


a.973.696 


I 


Used. 

Ratio,  1.05 
3,020,101 

1. 10 
3,163,916 

90 
2,588,658 

.85 
2444,844 

.90 
2,588.658 

1.00 
2376.287 

1.20 

3.45 ». 544 

I  25 
3.595.359 

1.05 
3,020,101 

.90 
2,588,656 

.85 
2444,844 

•95 
2.732472 

34.515.442 


Surplus. 
cubic  feet. 


2,016,597 
1403,681 
2416,816 
1,865,281 


M33.999 

2,826,143 
11,662,517 


Defici&ncy. 
cubic  /ett. 


235,226 

932.233 

2,824,873 

3,344,680 

2,535.141 
1.556.174 


11428,327 


ip 
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76.  Additional  StoraK©  Required.  —  Forty  iuches 
of  rainfall  on  one  square  mile  equals  a  volunje  of  92,928,000 
cubic  feet.  The  deficiency  as  above  computed  is  nearly 
twelve  per  ceut.  of  this  quantity,  and  calls  for  an  available 
volume  of  water  in  store  early  in  May.  or  at  the  beginning 
of  a  drought,  equal  to  about  one-eighth  the  mean  annual 
rainfall. 

The  calcnlations  of  supply  and  draught  in  ibe  two 
monthly  tables  given  above  refer  to  mean  quantities  of  low- 
cycle  years,  and  not  to  extreme  minimums.  The  seasonsof 
minimum  flow,  which  are  also,  usually,  the  erasons  of 
maximum  evaporation  from  the  storage  reservnii-s  and  of 
maximum  domestic  consumption,  are  in  thp  calculations 
supposed  to  be  tided  over  by  a  surplus  of  storage  provided 
in  addition  to  the  mean  storage  requin-d  for  the  series  of 
low-cycle  years.  The  storage  should  therefore  be  in  excess 
of  the  mean  deficiency  as  above  computed  at  least  twenty- 
five  per  cent,,  or  should  equal  at  least  fifteen  per  cent,  of  the 
mean  annual  rainfall. 

If  the  storage  is  less  than  fifteen  jwir  cent,  the  safe 
available  supply  is  liable  to  be  less  than  the  calculations 
given. 

If  the  area  of  the  storage  reservoir  is  greater  per  squi 
mile  of  waterslied  than  assumed  above,  the  loss  by  evapi 
ration  from  the  water  surface  will  be  proportionately  inj 
creased,  and  must  be  compensated  for  by  incn^ased  storage 

77.  ITtilizatioii  of  Flood  Flows. — The  calculation! 
as  above  assume  that  fifty  per  cent,  of  the  annual  rainfal 
is  the  available  annual  flow  in  the  stream.  The  remainin) 
fifty  per  cent,  is  assumed  to  be  lost  throngli  the  ^-arions  ' 
processes  of  nature  and  bj-  floods.  If  the  storage  is  still 
further  increased,  an  additional  jiortion  of  the  flood  flow 
can  be  utUized,  and  sometimes  fifty  per  cent,  or  even  sixty 
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per  cent,  of  the  anDoal  rainfall  utilized  for  domeBtic  con- 
snmption,  or  made  applicable  at  tbe  outlet  of  the  reserroir 
for  [K>wer.  Ilence,  when  it  is  desin^d  to  utilize  tliti  greatest 
possible  portion  of  the  flow,  the  storage  should  equal  twenty 
or  twenty-five  per  cent,  of  the  mean  annual  rainfall. 

78.  Qualification  of  Deduced  Ratios. — The  ratios 
of  flow,  evaporation,  and  consumption,  as  above  used  in 
tbw  calculations,  are  not  assumed  to  be  universally  appli- 
cable, but  are  taken  as  safe  general  average  ratios  for  the 
Atlantic  Coast  and  Middle  States,  The  winter  consump- 
tion will  be  less  in  the  lower  Middle  and  Southern  States, 
and  also  in  very  efficiently  managed  works  of  Northern 
States;  but  the  summer  consumption  tends  to  be  greater  in 
the  lower  Middle  and  Southern  States,  where  the  evapora- 

ion  and  rainfall  are  gi-eater  also. 

The  results  upim  the  Pacific  slope  can  scarcely  be  gen- 
eralized to  any  profit,  since  within  a  few  hundred  miles  it 
presents  extremes,  from  rainless  desert-  to  the  maximum 
rainfall  of  tbe  continent,  and  from  vaporless  atmosphere  to 
constant  excessive  humidity. 

79.  Influence  of  Storage  upon  a  Continuous 
Supply. — A  safe  general  estimate  of  the  maximum  contin- 
uous supply  of  water  to  be  obtained  from  forty  iuclies  of 
annual  rain  upon  one  square  mile  of  watershed,  pi-ovided 
tbe  storage  equals  at  least  fifteen  per  cent,  of  tlie  rainfall, 
gives  7  cubic  feet  (=  52.3C  gala)  per  capita  daily,  to  from 
130U0  to  15000  persons,  dejjendent  upon  the  amount  of 

bvailable  stoi-age  of  nint^r  and  flood  flows ;  or  say,  thrce- 
lUai-ters  of  a  million  gallons  of  water  daily. 

The  same  area  and  min,  with  but  one  month's  deficiency 
storage,  can  be  safely  counted  upon  to  supply  but  about 
3,000  persons  with  an  equal  daily  consumption,  or  107,(X)0 
[ons  of  water  daily.     Prom  the  same  area  and  rain,  with 
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no  storage,  a  tiaahy  stream  may  fail  to  supply  1.000  persona 
to  the  full  avt-ragc  dt.>iriarid  in  »>a.sonB  of  BfVtre  ilrcmglit. 

Hence  tbe  imi>ortaiii'e  of  the  storage  factor  in  the  calcu- 
lation. 

The  above  estimate's  are  based  uj)on  mean  rainfalls  of 
lowK-ycle  (§  47 1  years;  therefore  the  i-esulta  may  be  t'x- 
j»ected  to  be  twenty  per  cent,  greater  in  years  of  general 
average  rainfall. 

80.  Ai-tiAciiil  (fathering  Areas. — When  WBort  is 
necessarily  had  to  imptrvious  artificial  collecting  areiLa  for 
a  domestic  water  supply,  as  when  dwellings  are  located 
upon  vegetable  moulds  or  low  marsli  aivas,  bituminons 
rock  surfaces,  limestone  surfaces,  or,  as  in  Venice,  wlierr; 
the  slieltering  roofs  are  the  gathering  areas  of  the  house- 
holds,  the  projKjrtion  of  the  rainfall  that  may  be  nni  iiili> 
cisterns  is  very  large.  If  such  cisterns  are  of  sufficient 
capacity  and  thoirwat^'rs  protected  from  evaporation,  eighty 
per  cent,  of  the  rainfall  upon  the  gatliering  areas  may  Uins 
be  made  available,  though  special  provisions  for  its  clariti- 
cation  will  be  indis^Tensable. 

In  such  cas<^  a  roof  area  equivalent  to  25  feet  by  Iiw 
feet  might  furnish  from  a  forty-inch  minfall  a  continuous 
sup])ly  of  3  luliir  feet  (=  S?2.44  gallons)  jxr  day  to  six  per- 
sons, which  would  be  abundant  for  the  household  uses  for 
that  nunibt^r  of  per-wns. 

81,  Horapituhilioii  of  Kaint'nll  ItuliiiH, — Becapitu- 
lating.  in  the  form  of  genei-al  average  annual  ratios,  relating 
to  the  mean  rainfall  upon  undulating  erystalline  or  diluvial 
BUiface  wtrata.  as  unity,  we  have : 

Ratio  of  mean  annual  r.iinfall t.tJO 

Ratio  of  mean  rainfall  of  lowest  ihrce-yi^ar  cycles .So 

Ratio  orminlmuTn  annual  rainfall .711 

Ratio  of  mean  annual  flow  in  stream  (of  tlie  ijivcn  year's  raini .Da 


RAINFALL    RATIOS. 
T  flow  in  siream  (ot  ihe  (jiven  year's 
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Ratio  of  mean  si 
Ratio  or  low  lui 

Ratio  uf  anntiai  available  flow  in  stream  "  "  ;o 

Ratio  of  storage  necessan'  to  make  available  50  per  cent,  of  annual  lain.        IJ 
Ratio  of  general  evaporation  from   earths,  and  consumption  by  the  pro- 
cesses of  vegetation -40 

Ritio   of  pcrcolalion   through   the   earth  (included  also  in  the  flow  of 

streams) 7^ 


K 


^ 


Tlie  monthly  ratios  of  tliese  annual  ratios  are  to  be  taken 
in  ordinarj-  calcnlations  of  wat*T  supplies,  and  each  annual 
i-atio  to  be  subjected  to  the  j)roper  modification  adapting  it 
to  a  sj)ecial  local  application. 


TABLE     No       30. 
iTios  OF  Monthly  Rain,  Flow,  Evaporatiok,  and  Consumption. 


t 


manlhly  rain  js'.  .S3    .w  i  id 

itlily  Huar  of  imniji i.fiiii.sDi.ij  1.45 

-•  i.oji.io     *>!  .>S 


ir:n':"':K'"'  "  "'  " 
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TABLE     No.    30a, 
Example  of  an  Estimate  of  Collectable  Rainfall.* 


It  Asnimed  ■nnuiJ  rainl^  40  In.     1 
[I'Arer.gE  .r.lljb1c_^n.oi.tnly  flow  | 

g 

i  I 

t 

.16 

1,15 

■J6 

-Si 

■  47 

1 
~ 
... 

t 

1 

JO 

i 

-S6 

1    I 

•  Wefluw 

FLiEhi-ienihsoldn 

Inrln  ■>■   nin  monltily   to  ulisly 

Inibn  lit  fSa  raliecubic'monibiy'.* 
'■"«™«« 

..65 

..50.. 45 

.id     .i* 

iobll  flowlniE  mimthly.  here  uHpicd  »  11  riparimi  rif-hl.  arc  (nund  hy 
awsfrom  June  loOciolMr  Includm.  thus: 

ilely  IS  Mlows:    Lint  by  evumntion  and  al>»rptir>nt  lz  In..  lo»  bj 
I&.  tt  ln.;'redui:ed  flow  In  dry  seisoDS,  4  in,;  remuilac  Avafliible  flotv,  16  In. 

Report  on  a  WUcr 


RcteQax  10  the  Adlrondick 


CHAPTER    Til. 

SPRINGS    AND    WELLS. 

82.  Sabterranean  Waters.— A  portion  of  fhe  rain, 
perhaps  one-fourth  part  of  the  whole,  distilled  upon  fhe 
surface  of  the  earth,  penetrates  its  soils,  the  InterstioeB  of 
the  porous  strata,  the  crevices  of  the  rocks,  and  is  gafheted 
in  the  hidden  recesses.  Tliese  subterranean  reservoirs  were 
filled  in  the  unexplored  past,  and  their  flow  continaes  in 
the  present  as  tlioy  are  replenished  by  new  rainfalls. 

83.  Their  Source  the  Atiuosphere. — We  find  no 
reason  to  suppose  that  Nature  duplicates  her  laboratory  of 
the  atmosphere  in  the  hidden  recesses  of  the  earth,  ftom 
whence  to  dt^cant  the  sparkling  springs  that  issue  along  the 
valleys.  On  the  other  hand,  we  are  often  able  to  traoe  the 
course  of  the  waters  from  the  storm-clouds,  into  and  through 
the  earth  until  tluy  issue  again  as  plashing  fountains  and 
flow  down  to  the  ocean. 

The  clouds  are  the  immediate  and  only  source  of  supply 
to  the  subt(Tran(»an  waU^rcourses,  as  they  are  to  the  sur- 
face streams  we  have  just  passed  in  review. 

Tlie  subterranean  suj)plies  are  subject  indirectly  to  at- 
mospheric plu^nomena,  tc^mperaturos  of  the  seasons,  sur£Eice 
evaporations,  varying  rainfalls,  physical  features  of  the 
surface,  and  porosity  of  th(^  soils.  Especially  are  the  shal- 
low wells  and  springs  sensitiv(»ly  subject  to  these  influences. 

84.  Porosity  of  Earths  and  Rocks. — Respecting  the 
porosity  and  absorptive  qualities  of  different  earths,  it  may 
be  observed  that  clean  silicious  sand,  when  thrown  loosely 
together,  has  voids  between  its  particles  equal  to  nearly 
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one-tliird  its  volume  of  cubical  measure  ;  tliat  is.  it  a  tank 
of  one  cubic  yard  capacity  is  filled  witli  quartzoid  sjiiid, 
then  from  thirty-to  thirty-live  i>er  cent,  of  a  cubic  ysiid  of 
water  can  be  poured  Into  the  tank  with  the  simd  witliout 
overflowing. 

Gravel,  consisting  of  small  water-worn  atones  or  pebbles, 
intermixed  with  grains  of  sand.  lias  ordinarily  twenty  to 
twenty-five  per  cent,  of  voids. 

Mai'l,  consisting  of  limeHtone  grains,  claj-s,  and  silicious 
sands,  has  from  ten  to  twenty  jK'r  cent,  of  voids,  according 
to  the  proportions  and  thoroughness  of  admixture  of  its 
constituents. 

Pure  clays  have  innnmei-able  interstices,  not  easily 
mea-sui-ed,  but  capable  of  absorbing,  after  tliorough  drying, 
from  eight  to  fifteen  per  cent,  of  an  equal  volume  of  water. 

The  water  contained  in  clays  is  so  fully  subject  to  laws 
of  molecular  attraction,  owing  to  the  minuteness  of  the 
individual  interstices,  tliat  great  pressure  is  required  to  give 
it  appreciable  flow. 

Water  flows  with  some  degree  of  freedom  through  sand- 
stones, limestones,  and  chalks,  according  to  their  textures, 
and  they  are  capable  of  absorbing  from  ten  to  twenty  per 
cent,  of  their  equal  volumes  of  water. 

The  primary  and  secondary  formations,  according  to 
gf-ological  classification,  as  for  instance,  granites,  serpi'u- 
tines,  trappeans,  gneisses,  mica-slates,  and  argillaceous 
schists,  are  classed  as  impervious  ii^cks.  as  are,  usually, 
tlie  several  strata  of  pure  clays  tlmt  have  been  subjected  to 
great  superincumbent  weiglit. 

The  crevices  in  tlie  impervious  rocks,  resulting  from 
rupture,  may.  however,  gather  and  lead  away,  as  natural 

fins,  large  volumes  of  the  water  of  percolation. 
The  fipee  flow  of  the  percolating  water  toward  wells  or 


104  8PRIKG8   AND   WBLL& 

spring,  is  limited  and  controlled,  not  only  hy  the  poiootj 
of  the  strata  which  it  enters,  bat  also  hy  their  inclinalicm, 
cuirature,  and  continuoas  extent,  and  by  the  impemons- 
ness  of  the  underlying  stratum,  or  plutonic  rock. 

85.  Percolations  in  the  Upper  Strata.^ — Shallow 
well  and  spring  supplies  are,  usually,  yields  of  water  from 
the  drift  formation  alone.  Their  temperatures  may  be  va- 
riable, rising  and  falling  gradually  with  the  mean  tempera- 
tures of  the  surface  soils  in  the  circuits  of  the  seasons,  and 
they  may  not  be  wholly  freed  from  the  influence  of  the 
decomposed  organic  surface  soils.  Their  flow  is  abundant 
when  evaporation  upon  the  surface  is  light,  though  slack- 
ened when  the  surfece  is  sealed  by  frx)st. 

A  variable  spring,  and  it  is  the  stream  at  its  issue  that 
we  term  a  spring,  indicates,  usually,  a  flow  from,  a  shallow, 
porous  surface  stratum,  say,  not  exceeding  60  feet  in  depth, 
thougli  occasionally  its  variableness  is  due  to  pecuhar 
causes,  as  the  melting  of  glaciers  in  elevated  regions,  and 
atmospheric  pressure  upon  sources  of  intermittent  springs. 

Porous  strata  of  one  hundred  feet  in  depth  or  more  give 
comparatively  unifonn  flow  and  temperature  to  springs. 

80.  The  Courses  of  Percolation. — Gravitation  tends 
to  draw  the  particles  of  water  that  enter  the  earth  directly 
toward  the  center  of  the  earth,  and  they  percolate  in  that 
direction  until  they  meet  an  inii:)ervious  strata,  as  clay, 
when  they  are  forced  to  change  their  direction  and  follow 
along  the  imi)enious  surface  toward  an  outlet  in  a  valley, 
and  possibly  to  find  an  exit  beneath  a  lake  or  the  ocean. 

When  the  underlying  impervious  strata  has  considerable 
average  depth,  it  may  hav(»  been  unevenly  deposited  ia 
const^quence  of  eddies  in  the  depositing  stream,  or  crowded 
into  ridges  by  floating  icebergs,  or  it  may  have  been  ^om 
into  valleys  by  flowing  water.     Subsequent  deposits  of 
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sand  and  gravel  would  tend  to  fill  up  the  concavities  and 
to  even  the  new  surface,  hiding  the  irregularities  of  the 
loner  strata  surlace. 

The  irregularities  of  the  impervious  surface  would  not 
b<'  conceali.'d  from  the  percolating  waters,  and  their  flow 
would  obey  the  rigid  laws  of  gravitation  as  unswervingly 
as  do  the  showers  upon  the  surface,  that  gather  in  the  chan- 
nels of  the  rocky  hills. 

Springs  will  appear  where  such  subterranean  channels 
intercept  the  surface  valleys.  The  magnitude  of  a  spring 
will  be  a  measure  of  the  magnitude  of  its  subterranean 
gathering  valley. 

87.  Depp  PercolationB. — The  deep  flow  supplies  of 
wells  and  springs  are  derived,  usually,  from  the  older 
porous  stratifications  lying  below  tlie  drift  and  recent  clays. 
The  stratified  rocks  yielding  snch  supplies  have  in  most 
instances  been  disturbed  since  their  original  dejKisitions, 
and  they  are  found  inclined,  bent,  or  contorted,  ai'd  some- 
times rent  asunder  with  many  Ussures,  and  often  intercepted 
by  dykes. 

88.  Subterraneau  Reservoirs.— Subterranean  basins 
store  up  the  waters  of  tiie  great  rain  percolations  and 
deliver  them  to  the  springs  or  wells  in  constant  flow,  as 
surface  lak^s  gather  the  floods  and  feed  the  stn.'anis  with 
even,  continuous  delivery.  A  concave  dip  of  a  porous 
eitratnra  lying  between  two  impervious  strata  pi-esents  favor- 
able conditions  for  an  "artesian"  well,  especially  if  the' 
porous  stratum  reaches  the  surface  in  a  broad,  concentric 
plane  of  great  circumference,  around  the  dip.  forming  an 
extensive  gathering  area. 

Waters  are  sometimes  gathered  through  inclined  strata 
■  from  very  distant  watersheds,  and  sometimes  their  course 
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leads  undpr  considerable  hills  of  more  recent  deposit  tlian  \ 
the  Htratuni  in  which  tlie  water  is  flowing. 

Tlie  elialka  and  limestones  do  not  admit  of  free  percola- 
tion, and  ai-e  unrelinble  as  conveyers  of  water  from  distaiii 
gatLering  surfaces,  since  their  numei-ous  fissures,  througii 
wliich  the  water  takes  its  course,  are  neither  continuous  a«i 
uniform  in  direction. 

89.  The  I'licei-tiiiiiiies  «f  Siibtemmeaii  Seai-cbe*. 
—The  conditions  of  the  abundant  saturation  and  scaulv 
saturation  of  tlie  strata,  and  tiieir  abilities  to  supply  wair 
continuously,  are  very  varied,  and  may  change  from  lli'- 
first  to  tlie  second,  and  even  alternate,  witli  no  siirfaoe  indi- 
cations of  such  result ;  and  tlie  subterranean  flow  may,  in 
many  localities,  be  in  dinwtions  entirely  at  variance  with 
the  surface  slopes  and  flow, 

Pi-edictions  of  an  ample  supply  of  water  from  a  given 
subtermnean  source  ai-e  always  extremelj'  liazardous,  until 
a  tliorough  knowledge  is  obtained  of  the  geological  posi- 
tions, tliickness,  jroi-osity,  dip,  and  soundness  of  the  strata, 
over  all  the  extent  that  can  have  influence  upon  the  flow  at 
the  propost'd  shaft. 

Experience  demonstrates  that  water  may  be  obtained  in 
liberal  quantity  at  one  pi)int  in  a  stratum,  while  a  few  rods 
distant  no  water  is  obtainable  in  the  same  stratum,  an 
intervening  "fault"  or  crevice  having  intercepted  the  floir 
and  led  it  in  another  direction.  Sometimes,  by  tlie  exte 
sion  of  a  heading  from  a  shaft  in  a  wat«-r-bearing  strata] 
to  inci'ease  an  existing  supply,  a  fault  is  pierced  and 
existing  supply  led  off  into  a  new  channel. 

90.  RenoHiied  Appliciitloii  of  Geological  Scipni 
— Aragci's  prediction  of  a  ston'  of  potable  water  in  the  d( 
dipping  greensand  stratum  beneath  tlie  city  of  Paris, 
one  of  the  most  brilliaut  applications  of  geological  sriei 
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lo  nsefol  purposes.  He  felt  keenly  that  a  multitude  of  his 
/fllow-citizens  were  saffering  a  general  physical  deteriora- 
'iim  for  want  of  whoK^some  water,  for  whicli  the  splendors 
T'f  liie  magnificent  capital  were  no  antidote.  With  a  foi-e- 
sight  and  energy,  such  as  displays  that  kind  of  genius  tliat 
Cicero  believed  to  be  "in  some  degree  inspij-ed,"  he  i)re- 
vailed  u|)on  the  public  Minister  to  inaugurate,  in  the  year 
1833,  that  notable  deej.!  subterranean  exploration  at  Gre- 
iieli^.  By  his  eloquent  persuasions  lie  maintained  and 
dHffiided  the  enterprise,  notwithstanding  tlie  eight  years  of 
labor  to  successfal  issue  were  beset  with  discouragementB, 
aiiJ  all  manner  of  sarcasms  were  sliowered  upon  the  pro- 
moters. In  February,  1841,  the  augur,  cutting  an  eight- 
i'lch  bore,  reached  a  depth  of  18(i6  feet  9  inches,  when  it 
suddenly  fell  eighteen  inches,  and  a  vthlzzing  sound  an- 
nounced that  a  stream  of  water  was  rising,  and  the  well 
soon  overflowed. 

91.  Condttions  of  Orei'flowin^  Welltt.  —  An  over- 
fl'jw  results  only  when  the  surfuce  that  supplies  the  water- 
blaring  sti-atum  is  at  an  elevation  su|)erior  to  the  surface  oi' 
tli<'jnx>und  wliere  the  well  is  locat^'d,  and  the  water-bearing 
stratum  is  confined  Ix-tween  impenious  strata.  In  such 
fw,  the  hydrostatic  pressure  from  the  higher  sonn^e  forces 
tlie  water  up  to  the  mouth  of  the  bor^'. 

92.  InHnence  of  Wells  itiion  Each  Other.— The 
enrfiees  of  wells,  penetrating  deep  into  large  subterranean 
twius,  upon  their  first  completion,  has  usually  led  to  their 
%llication  «t  other  pwots  within  the  same  basin,  and  the 
•'"w  of  the  first  has  often  been  materially  chi*eked  upon  the 
'■"fimencement  of  flow  in  the  second,  and  both  again  upon 
rtp commencement  of  flow  in  a  third,  though  neither  w.'t: 
"ithin  one  mile  of  either  of  the  others.  The  flow  of  thi' 
femoas  well  at  Greuelle  v.aH  seiiously  (checked  by  the  open- 
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ing  of  another  well  at  more  than  3000  yards,  or'  nearly  two 
miles  distant. 

93.  American  Artesiau  Wells.— The  sub-stratum 
whicli,  in  the  United  States  has  been  most  siiccessfnllj 
pierced  for  artesian  waters  is  the  coarse  Potsilam  sand- 
stone liaving  its  northerly  outcrop  in  central  Wisconsin, 
This  stratum  is  now  well  known  as  far  easterly  as  Clii- 
cago  and  Milwaukee,  as  far  westerly  as  the  Mississipji 
river,  and  soutLerly  into  central  IlUnois.  The  wells  in  tliii< 
sandstone  for  public  water  supplies  are  numerous  and  the 
water  generally  satisfactory  for  domestic  uses,  but  liaring 
considerable  mineral  impregnations.  The  granite  ootorop 
in  Wisconsin  extends  from  the  ridge  near  the  soatheni 
shore  of  Lake  Superior,  southerly  to  the  centre  of  tf» 
state  and  there  dips.  Soutlierly  of  the  dip  tlie  water- 
bearing Potsdam  sandstone  lies  upon  the  granite  and  lias 
width  of  outcrop  of  about  sixty  miles  on  a  nortli  and  Houth 
line  midway  between  lake  and  river,  and  then  passes  under 
a  magnesian  limestone.  Upon  this  limestone  is  a  layer  of 
St.  Peter  sandstone,  also  water-bearing,  and  this  last  is 
covered  by  yellow  Galena  and  blue  Trenton  limestones  and 
in  Illinois  by  shales,  with  occasional  lower  coal  measures. 

The  wells  of  this  hxiality  have  depths  varying  from 
1200  to  2000  feet  usually,  according  to  the  relative  altitudes 
of  the  ground  surface  and  water-bearing  stratum. 

These  welts  are  usually  lined  througli  the  upper  strata 
with  six  or  eight  incli  iron  pipes,  and  cost  from  three  to  five 
dollars  ]jer  foot  of  depth. 

These  wells  usually  overflow,  with  a  moderate  pressure 
when  first  drilled,  and  give  mean  deliveries  of  from  00,000 
to  350,000  gyllons  of  water  per  twenty-four  hour,s,  but  with 
gradual  decrea.se  of  flow  at  each  well  as  additional  wells  are 
opened. 
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tTlie  piesometric  slope  of  water  pressure  along  this  north 
d  south  line,  prolonged,  is  about  one  foot  per  mile,  indicat- 
ixig  a  much  fissured  as  well  as  coarse  grained  porous  roek. 
Tiie  well  waters  have  temperatures  of  about  60^  Fah. 
The  next  best  known  artesian  basin  is  beneath  the  James 
Hiver  valley  in  the  Dakotas,  where  many  borings  have  been 
rnade  for  water  supply  and  irrigation  piiiposes.    Some  of 
tlie  wells  opened  in  South  Dakota  have  pressures  equivalent 
to  one  hundred  feet  head  and  ui)wards.  and  their  waters 
liase  been  utilized  for  mechanical  power. 

The  deep  wells  east  of  the  Alleghany  mountains  and 
«^specially  in  eastern  Jfew  England,  have  not  generally  been 
siii'tesseB  in  either  quantity  or  quality  of  water. 

Piped  Drift  Wells,  usually  t«>rmed  diiven  wells,  have 
(••■eome  much  used  in  the  sources  of  water  supply  for  saiall 
^wus.  Tlie  best  condition  for  these  is  usually  an  inclinfd 
"'ick  stratum  of  course  siliceons  sand  resting  ui>on  imper- 
'''OX19  clay  or  rock  and  covered  witli  a  stratum  of  inij>er- 
^^\is  clay.  This  water-bearing  sand  stratum  is  the  counter- 
l>an  of  the  water-bearing  sandrock  stratum  in  the  suct-essful 
Ji-^'p  artesian  wells,  and  for  continuetl  success  it  must  have 
•1  Vfiy  large  relative  outcrop  for  a  watershed. 

Sometimes  a  location  is  found,  where  a  former  basin  or 

^^y  in  the  land  has  subsequently  been  filled  by  a  deposit 

cf  Kravel  <}r  sand,  and  this  deposit  gathers  a  considerable 

I"  »nion  of  the  rain  that  falls  upon  its  surface  and  upon  the 

""^.loiuing  higher  grounds.    In  such  case  the  site,  if  thei-e  are 

not  unitary  objections,  is  favorable  for  driven  pipe  wells. 

'**jniKimes  extensive  deposit^  of  sand  or  gravel  beside  a 

lake  or  water  course,  or  such  deposits  made  by  ancient 

'^'^s,  present  facilities  for  successfnl  driven  wells.     The 

'^'t'ps  of  Brooklyn,  L.  I.,  and  Memphis,  Tenn,,  have  very 

iiMiml  faciliti**  of  this  kind. 
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The  pipes  of  these  wells  have  now  usuaUy  ingenioiu 
strainers  at  their  feet,  intended  to  admit  waters  freely  but 
to  exclude  the  sand.  When  a  considerable  quantity  of 
water  is  desired  a  group  or  line  of  pipe  is  sunk  at  right 
angles  to  the  line  of  subterranean  flow,  and  if  pumping  is 
necessary  the  tops  of  the  pipes  are  coupled  in  to  one  main 
which  is  connected  with  the  suction  chamber  of  the  pump. 

The  success  of  these  drift  pipe  wells  in  both  quantity 
and  quality  of  water  has  many  uncertainties  until  actual 
test  shows  results,  unless  the  geological  conditions  are  folly 
known,  but  fortunately  the  conditions  of  the  drift  sub-strata 
may  often  be  more  easily  studied  than  can  those  of  the  rock 
sub-strata  for  deep  artesian  wells. 

General  practice  seems  to  sanction  an  ordinary  rate  of 
flow  in  the  well  pipes  about  as  follows,  although  great 
natural  pressures  and  pump  suctions  may  at  times  increase 
these  rates,  when  the  rock  is  so  fissured,  or  the  rock  or  sand 
is  so  coarse,  as  to  permit  an  increased  quantity  of  water  to 
enter  the  bore  in  the  rock,  or  the  pipe  strainer. 


TAB  LE     No.     3  1a. 
Ordinary  Rate  of  Flow  in  Well  Pipes. 


Diameter  of  Pipe.         Cubic  feet  per  minute. 


Inches. 

^% 

a.o 

3 

30 

3M 

38 

4 

50 

4M 

6.2 

5 

78 

6 

XI. 3 

1 

15.0 

19-5 

xo 

30.0 

Gallons  per  24  hours. 


Number  of  Pipes  far 

z  milUon  Galloiu  per  ^4 

Hours. 


21,542 
32.3>4 
40.931 
53.856 
66,781 

84,015 
120,657 
i6x,568 
2x0,038 
323, « 36 


46 
3« 
as 
»9 
tS 
ts 

I 

5 

3 


94.  Watersheds  of  Wells.— The  watershed  of  a  deep 
subterranean  supply  is  not  so  readily  distinguishable  as  is 
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that  of  a  surface  stream,  that  usually  has  its  limit  upon  the 
crown  of  the  ridge  aweepiug  around  its  upper  area, 

Tlie  subterranean  wat^rslied  may  possibly  lie  in  part 
beyond  tlie  crowning  ridge,  where  its  form  is  usually  that 
of  a  concentric  belt,  of  varying  width  and  of  varying  sur- 
face inclination.  A  carefid  examination  of  the  position, 
nature,  and  dip  of  the  strata  only,  can  lead  to  an  accurate 
trace  of  its  outlines. 

Tlie  granular  structure  of  the  water-bearing  stratum,  as 
a  vehicle  for  the  transmission  of  the  percolating  water,  is  to 
bi'  most  carefully  studied  ;  the  existence  of  faults  that  may 
I      divf-rt  the  flow  of  i)orcolation  are  to  be  diligently  sought 
I     for;  and  the  point  of  lowest  dip  in  a  concave  subterranean 
ft^  basin  or  the  lowest  channel  line  of  a  valley-like  subterra- 
^H  nean  formation,  is  to  be  determined  with  care. 
^H       A  depressed  subterranean  water  basin,  when  first  dis- 
^P  corered,  is  invariably  full  to  its  lip  or  point  of  overflow, 
W    Jte  extent  may  be  comparatively  large,  and  its  watershed 
f     romj)aratively  small,  yet  it  will  be  full,  and  many  centuries 
"lay  have  elapsed  since  it  was  moulded  and  first  began  to 
^ore  the  precious  showers  of  heaven.     A  few  drops  accu- 
mulated from  each  of  the  thousand  showers  of  each  decade, 
'"^y  have  filled  it  to  its  brim  many  generations  since  ;  yet 
"»is  is  no  evidence  that  it  is  inexliaustible.     If  the  perennial 
df^nglit  exceeds  the  amount  the  storms  give  to  its  replen- 
'sliinent,  it  will  surely  cease,  in  time,  to  yield  the  surplus. 

Coarse  sands  will,  when  fully  exposed,  absorb  the 
6*^ater  portion  of  the  showers,  but  sucli  sands  are  usually 
coveced  with  more  or  leas  vegetable  soil,  except  in  regions 
"■nerc  showers  seldom  fall. 

Pissured  limestones  and  chalks  will  also  absorb  a  large 
portion  of  the  storms,  if  exposed,  but  they  are  rarely  en- 
^\y  uncovered  except  upon  steep  cliff  faces,  where  there 
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is  litUe  opportunity  for  the  stonns  that  drive  against  liii-ni 
■  to  secure  lodgement. 

95.  £va]i(>i*utioii  IVoiu  Soils. — Vegetable  and  surfare 
60ii8  t)iat  do  not  permit  free  percolation  of  their  waters 
downward  to  a  depth  of  at  least  three  feet,  lose  a  pail  of 
it  by  evaporation.  On  the  other  hand,  evaporation  ojh'hs 
the  surface  i>ores  of  close  soils,  so  that  they  receive  a  iwr- 
tion  of  the  rain  freely. 

90.  Hiipplyiiig  Capacity  of  Wells  and  Hprings.- 
Percolation  in  ordinary  soils  takes  place  in  greatpst  i«n 
in  the  early  spring  and  laty  autumn  months,  and  to  a  lim- 
ited extent  iu  the  hot  months.  In  cold  climates  it  ceases 
almost  entirely  wlien  the  earth  is  encased  with  frost. 

Permanent  subterranean  well  or  spring  supplies  receive 
rarely  more  than  a  very  small  t^hiire  of  their  yearly  replen- 
ishment between  eacli  May  and  October,  their  coutinuoiis 
flow  being  dependent  upon  iidertuate  subterranean  storage. 

Sucli  storage  may  be  due  to  collections  in  bi-oad  basins, 
to  collections  in  tiumerous  fissui-ea  in  the  rocks,  or  to  veiy 
gradual  flow  long  distances  tJirough  a  jiorous  stratum  wlietv 
it  is  subject  to  all  tlie  limiting  effects  of  retardalion  included 
under  the  general  term,  friction. 

In  the  latter  case  a  gn-at  volume  of  earth  is  satiirat^-d, 
and  a  great  volume  of  watf'r  is  in  course  of  transmission, 
and  the  flow  continues  but  slightly  diminished  until  after 
a  drought  upon  tlie  sniface  is  over  and  the  ]>arched  surface 
soils  are  again  saturated  and  tilling  tlie  interstices  of  perco- 
lation  anew. 

For  an  approximate  computation  of  the^  volume  of  per- 
colation into  one  square  mile  of  poi-ous  gathering  an* 
covered  with  the  ordinary  superficial  layer  of  vegetable  soil, 
and  under  usual  favorable  conditions  generally,  let  U3 
assume  that  tlie  m>'an  annual  i-ainfall  is  4U  incites  in  depth 
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and  tliat  in  the  seasons  of  droughts,  or  the  so-calied  dry- 
years,  60  per  cent,  of  the  mean  monthly  percolatiou  will 
lake  place. 

TABLE     No.    91. 
Percolatiow  of  Rain  into  One  Square  Mile  of  Porous  Soil. 

Asnimed  Mcvi  Annual  Rajh  40  laches  Dc|itii- 


1 

1 

1 

.9«3 

j 

5 

'S 
■«OT 

3.m 

a 
4.873 

? 

1 

— 

i 

Its 

3-59e 

.036 

33« 

1 

;: 

1 

1 

30»J 

i 

.,076 
■430 

^441 

1 

..J6. 
■937 

1 

5 

1 

t 

I<i-iwi    -.1    nin    <uh 
tnoDth. 

Man   incfaes  of  lUIn 

V  lU-perunrofdoin 
.It  y«r» 

■"" I-: 

.10 

i.iiS 

1 

•JO* 

'Hi 

.637 
■0.5T0 

40 

^      Prom  springs,  witli  the  aid  of  cajMicious  storage  respr 

'♦oirs,  it  raight  be  possible  to  utilize  fifty  per  cent,  of  tin 

a'tove  volume  of  percolation.     From  wells,  it  would  i-arei\- 

l>e  possible  to  utilize  more  than  from  ten  to  twenty  per  cent. 

<i"  the  volume,  without  tank  storage. 

Fifty  per  cent,  of  the  above  total  estimated  volnme  of 
percolation  would  be  equivalent  to  a  continuous  supply  of 
fi  cubic  feet  per  day  each,  to  3il91  perstms.  or  126,823  gal- 
lons per  diem  ;  and  ten  per  cent,  of  the  same  volume  would 
be  equivalent  to  a  like  supply  (37.4  gals,  daily)  to  678 
[n^rsons,  or  25,357  gallons  per  diem. 

Wells  sunk  in  a  great  sandy  plain  bordering  upon  the 
(w^ean,  or  bonlen-d  by  adykeof  imperrioua  material,  would 
gve  greater  and  nioiv  favorable  results,  for  in  such  case  lln' 
"ondi.^ons  of  subterraneau  storage  would  be  most  favorable, 
but  such  are  cxreptional  cases. 


CHAPTER    YTII. 

IMPURITIES    UF    WiTElt. 

97.  The  Composiiioii  of  Water.— If  a  quantify  of 
pure  water  is  seijamted,  clicniically,  the  coustituont  pana 
will  be  two  in  number,  one  of  which  weigiiin^  one-nintli  as 
much  as  the  whole  will  be  liydrogeu,  and  the  otlier  part 
oxygen  ;  or  if  the  parts  of  ttie  same  quantity  be  desigiiatpd 
by  volume,  two  parts  will  be  liydrogen  and  one  part  oxygfn. 

These  two  gases,  in  just  these  profiortions,  had  entered 
simultaneously  into  a  wondrous  union,  the  mystery  of 
which  the  human  mind  has  not  yet  fathomed.  Id  fiict 
many  years  of  intense  intellectual  labor  of  such  profound 
investigators  as  Cavendisli,  Ijemery.  Lavoisier,  Volta,  Hnm-i 
boldt,  Gay  Lnssac,  and  Dumas  were  consumed  before  tbft 
discovery  of  the  proportions  of  the  two  gases  that  we», 
capable  of  entering  into  this  mystic  union. 

98.  SoliitionM  in  Water.— If  two  volumes  of  oxygea 
are  presented  to  two  volumes  of  hydrogen,  one  only  of  the 
oxygen  volumee  wUl  be  capable  of  entering  the  union,  and 
the  other  can  only  be  diffused  througli  the  compound,  water. 

When  alcohol  is  poured  into  water  it  does  not  become 
a  part  of  the  water,  but  is  diffused  tlirough  it. 

This  we  are  assured  of,  since  by  an  ingenious  oporation 
we  are  able  to  syphon  the  alcohol  out  of  the  water  by  a 
method  entia^ly  mechanical.  If  we  put  some  sugar,  or 
alnm,  or  carbonate  of  soda  into  water,  the  water  will  causa 
the  crystals  to  separate  and  be  diffused  tfirougliout  tbe 
liquid,  but  they  will  not  be  a  part  of  the  water.     The  wata 
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ght  be  evajTOrated  away,  wlien  the  sugar,  or  alum,  or 
Uitda  would  liavf  returned  to  its  crystalline  stat^.  In  these 
cawy,  the  surplus  hydrogen,  t!ie  alcohol,  and  the  constitu- 
ents of  the  crystaUine  ingredient  an'  diflfueed  through  the 
water  as  impuritleB. 

If  in  a  running  brook  a  Inmpof  rock  salt  is  placed,  the 
current  will  flow  around  it,  and  the  wat*?r  attack  it.  and  will 
dissolve  sonr?  of  its  particles,  and  they  will  be  diffused 
through  the  uliole  stream  below,  A  like  effect  results  when 
a  streamlet  fl.>ws  across  a  vein  of  salt  in  the  eartii.  In  like 
manner,  if  w;iter  meets  in  its  passage  over  or  thi-ough  the 
earth,  magnesium,  potassium,  alnminiuni.  ii-on,  arsenic,  or 
other  of  the  metallic  elements,  it  dissolveH  a  part  of  them, 
and  they  are  diffust-d  through  it  as  impurities.  In  like 
manner,  if  water  in  its  passage  through  the  air,  as  in 
showers,  meets  nitrogen,  carbonic  acid,  or  other  gases, 
they  are  absorbed  and  an?  diffusi^  through  it  as  impurities 

99.  Properties  of  Water. — Both  oxygen  gas  and 
hydrogen  gaa,  when  pure,  are  colorless,  and  have  neither 
taste  nor  smell.  Water,  a  result  of  Iheir  combination,  when 
pure,  is  transparent,  tasteless,  inodui-ous,  and  colorless, 
except  when  seen  in  considerable  deptli. 

The  solvent  powei-s  of  water  exceed  those  of  any  other 
liquid  known  to  chemists,  and  it  has  an  extensive  range  of 
affinities.  This  is  why  it  is  almost  impossible  to  secure 
water  free  from  impurities,  and  why  almost  every  substance 
in  nature  enters  into  solution  in  water.  Tliere  is  a  property 
lifn  water  capable  of  overcoming  the  cohesive  force  of  the 
"particles  of  matter  in  a  great  varied'  of  solids  and  liquids, 
and  of  overcoming  the  repulsive  force  in  gases.  The  par- 
ticles are  then  distributed  by  molecular  activities,  and  the 
jsult  is  termed  aolvtion. 

Some  substances  resist  this  action  of  water  with  a  large 
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degree  of  success,  though  not  perfectly,  as  rock  crystalfl, 
various  spars  and  gems,  and  vitrified  mineral  substancea 

lOO.  Physiological  Effects  of  the  Impniities  of 
Water. — When  we  remember  that  seventy-five  per  cent  of 
our  whole  body  is  constituted  of  the  elements  of  water,  that 
not  less  than  ninety-five  per  cent,  of  our  healthy  blood,  and 
noi  less  than  eighty  per  cent,  of  our  food  is  also  of  water, 
we  readily  acknowledge  the  important  part  it  plays  in  our 
very  existence. 

Water  is  directly  and  indirectly  the  agency  that  dissolves 
our  foods  and  separates  them,  and  the  vehicle  by  which  the 
appropriate  parts  are  transmitted  in  the  body,  one  part  to 
the  skin,  one  to  the  finger-nail,  one  to  the  eye-lash,  to  the 
bones  phosphate  of  lime,  to  the  flesh  casein,  to  the  blood 
albumen,  to  the  muscles  fibrin,  etc.  When  the  stomach  is 
in  liealthy  condition,  nature  calls  for  water  in  just  the 
required  amount  through  the  sensation,  thirst.  Good 
water  tlien  regulates  the  digestive  fiuids,  and  repairs  the 
losses  from  the  watery  part  of  the  blood  by  evaporation 
and  the  actions  of  the  secreting  and  exhaling  organs. 
Through  the  agency  of  perspiration  it  assists  in  the  regula- 
tion of  heat  in  the  body ;  it  cools  a  feverish  blood ;  and  it 
allays  a  parching  thirst  more  effectuaUy  than  can  any  fer- 
mented liquor.  Water  is  not  less  essential  for  the  r^ula- 
tion  of  all  the  organs  of  motion,  of  sight,  of  hearing,  and 
of  reason,  than  is  the  invigorating  atmosphere  that  ever  sur- 
rounds us,  to  the  maintenance^  of  the  beating  of  the  heart. 

If  from  a  simple  ])lant  that  may  be  torn  asunder  and  yet 
rcnive,  or  a  hydra  tluit  may  be  cut  across  the  stomach  or 
turned  wrong  side  out  and  still  n^tain  its  animal  functions, 
the  wat(4*  is  quite  dried  away,  if  but  for  an  instant,  man, 
with  his  wonderful  constructive  ability,  and  reason  almost 
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divine,  cannot  restore  that  water  so  as  to  return  the  activity 
of  life  and  the  power  of  reproduction. 

The  liuiuan  stomat'h  and  constitution  become  toughened 
in  time  so  as  to  resiat  obstinately  the  pemiciouK  effects  of 
(vrtain  of  the  milder  noxious  impurities  in  water,  but  such 
imparities  have  effect  inevitably,  though  sometimes  so  grad- 
ually that  their  real  influence  is  not  recognized  until  the 
whole  constitution  has  suffered,  or  perhaps  until  vigor  is 
almost  destroyed. 
IL  Note  the  effect  of  a  few  catnip  leaves  thrown  into  drink- 
^■Bg  water,  which  will  act  through  the  waternpon  the  nerves ; 
ur  an  excess  of  magnesia  iu  the  water  will  neutralize  the  free 
acids  in  the  stomach,  or  lead  in  the  water  will  act  upon  the 
gums  and  certain  joints  in  the  limbs,  or  alcoliol  will  act 
■poll  the  brain  ;  and  so  various  veg(.toble  and  mineral  soln- 
ons  act  upon  various  parts  of  the  body. 

It  would  be  fortunate  if  the  iw.'miciou8  impurities  in 
■ater  affected  only  matured  constitutions,  but  they  act  with 
felost  deplorable  effect  In  the  helplessness  of  youth  and  even 
lefore  the  youth  lias  reached  tiie  light.  These  impurities 
Dently  but  steadily  derange  tiie  digestive  organs,  destroy 
he  healthy  tone  of  the  system,  and  bring  the  living  tissues 
nto  a  condition  peculiarly  predisposed  to  attack  by  malig- 
ant  disease. 

101.  Mineral  Impurities. — The  purest  natural  waters 
Tjud  uj>on  the  earth  are  usually  tliose  that  have  come 
iOwn  iu  natural  streaias  from  grauite  liills  ;  but  if  a  thou- 
iftnd  of  such  streams  are  carefully  analyzed,  not  one  of  them 
rill  be  found  to  be  wholly  free  from  some  admixture.  Tliis 
dicates  that  in  tliu  economy  of  iiatui-e  it  has  not  been 
■dained  to  be  best  for  man  to  receive  water  in  the  stali; 
fceniically  called  pure.  A  United  States  gallon  of  water 
eighs  sixty  thousand  grains  nearly.     Such  waters  as  phy- 
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aiciaaa  asoally  pronoance  good  potable  waters  bare  from 
one  to  eight  of  these  grains  weight,  iu  ea«h  gallon,  of  certain 
impariti'*8  diffused  thi-ough  them.  These  impurities  are 
usually  maralialled  into  two  general  classes,  the  one  derived 
more  imratxliately  from  minerals,  the  other  derived  directly 
or  indirectly  from  living  organisms.  Tlie  first  are  termed 
mineral  impurities,  and  tlie  other  arganic  imparities. 

The  mineral  impurities  may  be  resolved  by  the  clieraist 
into  their  original  elementary  fonns,  and  they  aii?  usually 
found  to  be  one  or  more  of  the  most  generally  distribnti-d 
metallic  elements,  as  calcium,  magnesinm,  iron,  scdiiiin, 
potassium,  etc.  If  as  extracted  they  are  found  unit«l  with 
carbonic  acid,  they  are  In  this  condition  termed  carbonates,' 
if  with  sulphuric  acid,  sulphates  ;  if  with  silicic  acid.  *//)■- 
cates  ;  if  with  nitric  acid,  nitrates  ;  if  with  phoaplioric  acid, 
phosphfites,  etc. ;  if  one  of  these  elements  is  formed  inUj  a 
compound  with  chlorine,  it  is  termed  a  chloride:  if  with 
bromine,  it  is  termed  a  bromide,  etc.  A  few  metallic  f'\- 
ments  may  thus  be  reported,  in  different  analyses,  under  a 
great  variety  of  conditions. 

102.  Organic  IiuitiiritleM. — TheR'  are  a  few  elemcnta 
that  united  form  organic  iiiatter.  as  carbon,  oxygen,  liydro- 
gen,  nitrogen,  sulphur,  phosphorus,  potassium,  calcium, , 
sodium,  silicon,  manganese,  magnesium,  chlorine,  iivn.  and 
fluorine.  Certain  of  these  enter  into  each  otganized  iiody, 
and  their  mode  of  union  therein  yet  remains  sealed  iu  mys- 
tery. In  the  results  we  recognize  all  animated  creations, 
frcmi  the  lowest  order  of  plants  to  the  moat  perfect  quadru- 
peds and  the  human  species.  All  organic  bodies  may, 
however,  upon  the  extinction  of  their  vitalitj-,  be  decom- 
posed by  heat  in  the  presence  of  oxygen,  and  by  ferment* 
tion  and  jmtrefaction. 

The  metallic  elements  are.  in  the  impurities  of  good 
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potable  waters,  usually  roach  in  excess  of  the  organic  ele- 
ini'iits,  but  the  coiitaiued  nitrogeiiized  organic  impurities 
indicate  contaminations  likely  to  be  nmch  more  liannful  to 
tlie  constitution,  aud  especially  if  they  are  products  of  ani- 
mal decom[H)sition8. 

IW*.  Tables  of  Analyses  of  Potable  Waters.— We 
will  quote  here  several  analyses  of  running  and  quiet  waters 
that  Uave  been  used,  or  were  proposed  for  public  water 
Bupplies,  indicating  such  impurities  as  are  most  ordinarily 
detected  by  chemists  in  water.  For  condensation  and  for 
c<>nvenience  of  comparison  they  are  arranged  in  tabular 
form. 
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TABLE     No.    84. 

Analysis  of  Streams  in  Massachusetts.* 
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Merrimac  River — Mean  of  11  ex- 
aminations above  Lowell 

Merrimac  River — Mean  of  12  ex- 
aminations above  Lawrence 

Merrimac  River — Mean  of  11  ex- 
aminations below  Lawrence.   ... 

Blackstone  River,  near  Quinsig- 
amund  Iron  Works 

Blackstone  River,  just  above  Mill- 
bury 

Blackstone  River,  below  Black- 
stone   

Charles  River,  at  Waliham 

Sudbury  River,  above  Ashland. . . . 

Sudbur)'  River,  at  Concord 

Concord  Kiver,  at  Concord 

Concord  River,  at  Lowell 

Neponset  River,  at  Readville 

Neponset  River,  below  Hyde  Park. 


104.  I{^itio8  of  Htaiiclarcl  Gallons. — A  ix)rtion  of  th% 
above  analyses  were  found  with  their  quantities  of  im- 
purities expressed  in  grains  per  imperial  gallon,  a  British 
standard  measure  containing  70,000  grains,  and  some  of 
them  expressed  in  parts  per  100,000  parts.  They  have  all 
b(H?n,  as  have  thos(^  following,  reduced  to  grains  in  a  U.  S. 
standard  gallon,  containing  58372.176  grains. 

The  degrees  of  hardness  are  expressed  by  Clark's  scale, 
which  refers  to  the  imperial  gallon. 


*  Selected  from  the  Fifth  Annual  Report  of  the  Mass.  State  Board  of 
Health. 
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The  other  quantities  may  be  easily  reduced  to  eqniva- 
ents  for  imperial  gallons,  by  aid  of  logarithms  of  the  quan 
ities  or  of  the  ratios : 

Imperial  gallon — No.  of  grains 70000  Logarithm,  4.845098 

U.  S.  gallon— No.  of  grains 58372. 175  '*  4.766206 

Ratio  of  imp.  to  U.  S.  gallon 1. 199201  **  0.078892 

"      of  U.  S.  to  imperial  gallon 833886  "  1.921108 

**      of  cubic  foot  to  one  imp.  gallon. . .  6.23210  "  0.794634 

••      "      "       "     "    "   U.  S.     *'      .   .  7.48052  •*  0.873932 

••      "    one  imp.  gall,  to  one  cu.  ft 16046  "  1.205367 

••      •*      ••    U.S.    "     "    "      "    " 13368  "  1.126066 

The  foDowing  analyses  of  various  well  waters  are  in  a 
acre  condensed  form : 

TABLE     No.    38. 

Analyses  of  Water  Supplies  from  Domestic  Wells. 

(Quantities  in  Grains  per  U.  S.  Gallons.) 
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•97 
.40 

.83 
.40 

.42 

.46 

.50 
.24 
.19 
.16 

.33 
.16 

.10 

.60 


*«3 


\^ 


12 

8 
13 

•  • 

10 


05  I  19 


17 
39 
44 

• 

55 
22 
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Analyses  of  Water  Supplies  from  Domestic  Wells — {Gmtinued). 


Wells. 


Indianapolis,  Ind 

Lowell,  Mass.,  average  of  fifteen 

London,  £ng.,  Leadenhall  Street 

"      St.  Paul's  Churchyard 

Lambeth,   " 

Lynn,  Mass 

Nlanhattan,  N.  Y 

"  "    average  of  several 

New  Haven,  Conn  ,  average  of  five 

Now  York,  west  of  Central  Park 

"  average  of  several 

Newark,  N.  J.,  average  ol  several 

Providence  R.  I.,  average  of  twenty  four. 

"  *•      purest  of  ** 

"      foulest  of 

Portland,  Me.,  average  of  four 

Pawtucket,  R.  1 

ti  u 

t(  (( 

Paris,  France,  Artesian 

Rochester,  N.  Y.,  average  of  several 

Rye  Beach,  N.  H 

Springfield,  Mass 

it  •! 

•  (  «* 

U  << 

Schenectady,  N.  Y.,  State  Street 

Taunton.   Mass 

Waliham.     "     

"  '*     Pump 

Winchester,  '*     

it  «i 

Woburn,  Mass.,  average  of  four 


Mineral 
Matters. 

OS 

Q  <  < 

#  •   •   • 

1 
60  00 

•  •  •  • 

•  •  • 

39-33 

8.71 

90.38 

9-59 

99-97 

•  •  •  • 

•  •  •  • 

62.54 

•    ■   •   ■ 

•  •  •  • 

83-39 

•  •  •  • 

34.08 

■    V    •    • 

•  •  •  • 

104.00 

•    •  •  • 

•   •  •  • 

49.00 

•   •  •  • 

•  •  • 

20.32 

•   •  •  • 

38.95 

4.59 

43-54 

•  •  •  • 

•  • 

58.00 

•   •  •  • 

•  •  •  • 

19.36 

24.05 

8.82 

33.02 

10.87 

7.76 

3.35 

fi.ii 

7.70 

56.99 

24.12 

81. II 

22.26 

13.35 

5.13 

18.48 

29.16 

3.03 

32.19 

25.08 

3.73 

28  81 

18.68 

3.62 

22.30 

•   •  •  • 

•  •  •  • 

9.86 

•  •  •  • 

•  •  •   • 

30.00 

6.08 

2.43 

8.51 

7.82 

2.03 

9.85 

8. 81 

2.01 

10.82 

11.53 

1. 91 

13.44 

14.83 

3.08 

17.91 

46.88 

2.33 

49.21 

20  14 

2.98 

23.12 

39.86 

4.09 

43.95 

7.68 

4.08 

11.76 

17.79 

7.46 

25.25 

4.00 

2.40 

6.40 

8.00 

2.40 

10.40 

10.80 

2.04 

13.20 

51.52 

4.60 

56.12 

105.  Atiiiosphoric  Impurities. — ^The  constant  disin- 
tegration of  niincnil  matters  and  the  constant  dissolutions 
of  organic  matters,  and  their  disseminations  in  the  at- 
mosphere, offer  to  falling  rains  ever-pr(»sent  sources  of  ad- 
mixtun*,  linely  comminuted  till  just  on  the  verge  of  trans- 
formation into  their  original  elements.  The  force  of  the 
winds,  the  movements  of  animals,  the  actions  of  machineSi 


KliDi 


every  moment  producing  friction  and  nibbing  off  minute 
jmrtii^ies  of  rocks  and  woods  and  textile  fabrics.  Decaying 
tirg.inisms,  breaking  into  fibre,  are  caught  up  and  waft<!d 
and  distributed  liitlier  and  tliitlier. 

The  atmosphere  is  thus  burdened  with  a  mass  of  lifeless 
particles  pulverized  to  transparency. 

A  ray  of  strong  light  thrown  through  the  atmosphere  ii. 
the  night,  or  in  a  dark  room,  reveals  by  reflection  this  sea  of 
matt<?r  that  vision  passes  through  in  the  light  of  noonday. 
These  matters  the  miats  and  the  showers  absorb,  and  dis- 
solve in  solution. 

Tlie  respirations  of  all  animate  beings,  the  combustions 
nf  all  hearth-stones  and  furnaces,  and  the  decaying  dead 
animals  and  vegetables,  contuinally  evolve  acid  and  sul- 
phorous  gases  into  tlie  atmosphere.  Chief  among  the  del- 
eterious gases  arising  from  decompositions  are  carbonic 
a<id,  nitrous  and  nitric  acids,  chlorine,  and  ammonia. 
T]ies<>  an?  all  soluble  in  water,  and  the  mists  and  showers 
absorb  them  freely.  Ehrenberg  states  that,  exclusive  of 
inorganic  substances,  he  has  detected  tliree  hundn^d  and 
twenty  species  of  organic  forms  in  the  dust  of  the  winds. 
Hence  the  so-called  pure  waters  of  heaven  are  fouled,  before 
they  reach  the  eartli,  with  the  solids  and  gases  of  earth. 

106.  Siib-HiirfVice  Iiiiiturities. — The  waters  that  flow 
over  or  through  the  crevices  of  the  granites,  gneisses,  sei^ 
pentint-s,  trappeans,  and  mica  slates,  or  the  silicious  sand- 
stones, or  over  the  earths  n'sulting  from  their  disintegrations, 
are  not  usually  impregnated  with  them  to  a  harmful  extent, 
they  being  nearly  insoluble  in  pure  water. 

Tlie  limestones  and  chalks  often  impart  qualities  objec- 
mable  in  potable  waters,  and  troublesome  in  tlie  house 
Tiold  nae«  and  in  processi's  of  art  and  manufacture. 

The  drift  formation,  wherever  it  extends,  if  unpollnted 
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by  organic  remains  upon  or  in  its  surface  soil,  usually  sup- 
plies a  wliolesome  water. 

The  presence  of  rarbonic  acid  in  water  adds  materially 
to  its  solvent  power  upon  many  ingredients  of  the  soil  iliat 
an>  often  present  in  the  drift,  sucli  as  sulphate  of  lime, 
cliloride  of  sodium,  and  luagnesiau  salts,  and  upou  organic 
matters  of  tlie  surface. 

Carbonic  acid  in  rain-water  tiiat  soaks  through  foul  sni- 
face  Boils,  gives  the  wat*-r  jjower  to  carry  down  to  the  weUfl 
a  superabundance  of  impurities. 

The  presence  of  amniouia  is  a  quite  sure  indication  at 
recent  contamination  with  decaying  oi^nic  matter  capable 
of  yielding  ammonia,  whether  in  spring,  stream,  or  well. 
This  readily  oxidizes,  and  is  thus  converted  into  uitroua 
acid  and  by  longer  exjiosure  into  nitric  acid. 

These  acids  combine  t'n^ly  with  a  lime  base,  as  nitrate 
and  nitrite  of  lime. 

Analysts  attach  great  imi>ortance  to  the  nature  of  tlip 
nitrates  and  nitrites  present,  as  indications  of  the  TtatuTe  of 
the  contaminations  of  the  water. 

Some  of  tlie  subterranean  waters  penetrate  occasional 
strata  tliat  wholly  unfit  them  for  domestic  use.  A  portiou 
of  the  carboniferous  rocks  are  comjKJsed  so  largely  of  min- 
eral salts  tllat  their  wafers  pai-take  of  tlie  natuie  of  brine,  as 
in  parts  of  Ohio ;  in  the  Kanawha  \'alley,  West  Virginia; 
and  in  parts  of  New  York  State  ;  for  instance,  at  Syracuse, 
where  the  manufaetnn'  of  salt  fnim  sub-surface  water  has 
assumed  great  commercial  importance.  In  other  sections, 
the  bituminous  limestones  are  saturated  with  coal-oils,  as  in 
the  famous  oil  regions  of  Pennsylvania.  Tlie  daik  waters 
from  the  sulphurous  strata  of  the  Niagara  gnnip  of  the 
Ontario  geological  division  are  frequently  impregnated  with 
sulphuretted  hydrogen. 
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All  aloQg  the  western  flank  of  the  Appalachian  chain, 
from  St.  Albans  and  Samtoga  on  the  north  to  the  White 
SiUphur  Springs  on  the  south,  tlie  frequent  mineral  springs 
give  evide^<'^?  of  the  saline  sub-structure  of  the  lands,  while 
like  evidences  have  recently'  become  conspicaoiis  in  certain 
portions  of  Kentucky,  Arizona,  New  Mexico,  Utah,  Califor- 
nia, and  Oregon. 

107.  Deep-well  Iinpiu'itie». — Deep  well  and  spring 
waters,  except  tliose  from  dipping  sand  or  sandstone  strata, 
are  especially  liable  to  impi^egnations  of  mineral  salts. 

These  impurities  from  deep  and  hidden  sources,  when 

pi-esent  in  quantities  that  will  be  harmful  to  the  animal 

constitution,  are  almost  invariably  perceptible  to  the  taste, 

and  are  rejected  instinctively. 

L        108.   Hnrflening  IitipiirltieH. — The  solutions  of  salts 

0-Of  lime  and  magnesia  are  among  the  chief  causes  of  tlie 

'     quality  called  hardness  in  water.     Their  carbonates  are 

bi-oken  up  by  boiling,  for  the  heat  dissipates  the  carbonic 

acid,  when  the  insoluble  bases  are  dejrosited,  and,  with  such 

other  insoluble  matters  as  are  pi-esent,  form  incrustations 

^mcli  as  are  seen  in  tea-kettles  and  boilers  where  hard  wat^-i-s 

-    have  been  heated.    The  carbonates,  in  moderate  quantities, 

are  less  troublesome  to  human  constitutions  than  to  steam 

nsers-     The  effects  of  the  carbonates  are  termed  temporary 

hardness.    The  sulpliates,  chlorides,  and  nitrat^-s  of  lime 

and    magnesia  are    not  dissipated    by  ordinaiy  boiling. 

(Their  effects  are  tlierefore  \iErmvA  permauad  hardness, 
I     An  imperial  gallon  of  pure  water  can  take  u]>  but  about 
Iwo  grains  of  carbonate  of  lime,  when  it  is  said  to  have  two 
degrt^s  of  hardness ;  but  the  presence  of  carbonic  acid  in 
the  water  will  enable  the  same  70,000  grains  of  watei  to  dis- 

I solve  twelve,  sixteen,  or  even  twenty  gi^ains  of  the  carbonate, 
■rben  it  will  have  twelve,  sixteen,  or  twenty  degrees  of 
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liardriesa,  according  to  the  number  of  grains  taken  inu 
Holutiou. 

These  salts  of  lirae  and  magnesia,  and  of  iron,  in  wator. 
liave  tile  jiropeity  of  decomposii^  an  equivalent  quautity 
of  Boap,  rendering  it  useless  as  a  detergent;  tlin»,  od>' 
degree  or  grain  of  the  carbonate  neutraJizea  t<-u  grains  of 
soap ;  two  degrees,  twenty  grains  of  eoap ;  tLree  degrees, 
thirty  grains,  etc. 

This  source  of  wa^fefrom  foul  hard  waters,  which  extends 
to  the  destruction  of  many  valuable  food  properties,  as  well 
as  to  destroying  soap,  is  not  sufficiently  appreciated  by  Uie 
general  public. 

It  may  be  safely  asserted  that  a  foul  hard  well  water 
will  destroy  fi-oin  the  family-  that  uses  it,  more  value  each 
year  than  would  be  the  cost  iu  rauney  of  an  abundant 
supply  of  water  for  domestic,  pui'poses,  fn>m  an  aecewsible 
public  water  supply ;  and  tliis  refei-s  to  purcliased  articl«« 
merely,  and  not  to  destruction  of  human  health  and  energj', 
which  are  beyond  price. 

109.  Toiuperaturt'M  of  Deep  Hiib-»urfacc  Waters. 
— Very  deep  well  and  spring  waters  have,  upuu  their  lirat 
issue,  too  bigli  a  tenijierrtture  for  drinking  purposes,  as  linni 
the  artesian  wells  of  the  Paris  basin,  which  rise  at  a  tem- 
perature of  88^  Fall,,  and  as  from  hot  springs,  among  which^ 
for  illustration,  may  be  mentioned  the  Sulphur  Springs, 
Florida,  of  70°  Fah ,  the  Lebanon  Springs,  N.  Y.,  ofT-J^P.; 
and,  as  extremes  of  high  temperature,  the  famous  geysert 
of  the  Yellowstone  Valley,  at  a  boiling  temi>eratuK>,  and 
the  larg((  hot  spring  near  the  eastern  base  of  the  Sierm 
Nt'vadas  and  Pyramid  Lake,  whose  broad  pool  has  a  t«ni. 
peratiire  of  306°,  and  c^entral  issue  2l'2°.  The  springs  at 
Chaudes  Aigni'S,  in  Prance,  have  a  temperature  of  179', 
and  the  renowned  'jeysers  of  Icilaiid,  of  212'.  „| 
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Artesian  wells  have  temperatures  for  given  depths  t 
proximately  as  follows : 

TABLE     No.    36. 
Artesian  Well  TEMPtRATURES, 


sa    59 


500  taoo     1500   2000   3500  9000 


76  85  94     ] 


^Ihe 


110.  DecoinpoHin};^  Organic  Impurities.— If  we  re- 
solve, chemically,  a  piecft  of  stone,  ore,  wood,  fniit,  a  cup 
of  water,  or  an  amputated  animal  limb,  into  tlieii'  simple 
elements  within  the  limits  of  exact  chemical  investigation, 
we  shall  iind  that  their  varied  corapositiona  and  pro|M'r- 
ties  are  results  of  corabinataons,  substantially,  of  the  same 
few  elements  ;  and  tliat  the az-^ramjcsubatam^es  -that  if,  sncli 
as  are  the  result  of  growth  under  the  influence  of  their  own 
vitality — ai-e  composed  chiefly  of  carbon,  oxygen,  hydrogen, 
and  nitrogen,  with  spare  projwrtions  of  a  few  metalloids, 
as  above  enumerated.  The  general  order  of  jiredominancQ 
of  the  gases  and  metalloids  is  not,  however,  quite  the  same 
in  mineral  as  in  organic  matters.  But  notwithstanding  this 
apparent  similarity  of  chemical  com  j)Ositions,  there  is  a 
quality*  in  organic  substances  accomjianying  the  vital  force, 
that  makes  it  as  widely  different  in  essential  characteristics 
from  simple  mineral  cotniMJunds  as  life  is  from  death. 

The  mysterious  properties  which  acconiiMiiiy  only  the 
vital  force  do  not  snbmit  to  analyses  by  human  art.  TTiey 
are  known  only  by  their  n>Bults  and  their  effl'cts. 

In  the  natural  decomposition  of  animal  matters,  espe- 
cially in  their  stage  of  putrefaction,  their  elements  are  iiften 
in  a  condition  of  molecular  activity  that  will  not  admit  of 
being  sfifely  brought  into  contact  witli  the  human 
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rirciilation,  whein  they  will  be  liable  to  induce  diwt lulling 
ounditionti.  ' 

Witness  the  extreme  danger  to  a  surgeon  who  receives 
a  minute  quantity  of  animal  diud  into  a  sore  upon  his  haud, 
when  dissecting  a  dead  body,  even  tliough  the  life  has  been 
extinct  but  one  or  two  days. 

Tlie  excreta  of  living  animals  also  passes  through  a 
decomposing  transformation,  in  which  stage  they  cannot 
safely  be  brought  into  contact  with  the  human  circulation, 
however  finely  they  may  be  dissolved  in  water,  when  re- 
ceived. 

The  process  of  decay  in  di-ad  animal  bodies,  and  of  de- 
composition of  vegetable  substances,  is  quite  rapid  wlieo 
moistiii-e  and  an  abundance  of  atmospheric  air,  or  available 
oxygen  in  any  form,  are  present,  and  a  warm  temperature 
promotes  the  activity  of  the  elements  ;  hence  the  same  mat- 
t<T  does  not  long  remain  in  its  most  objectionable  state,  but 
from  the  multiplicity  of  bodies  on  every  hand,  a  constant 
source  of  jwUntiou  may  be  maintained. 

Potable  waters,  when  exposed  to  those  organic  matters 
in  process  of  rapid  decay,  meet  perhaps  their  most  fatal 
sources  of  natural  and  microbic  contamination,  that  are 
not  readily  detected  by  the  eye  and.  tonrjae. 

111.  Vegetable  Organic  Dupurities. — Nature  aronnd 
us  swarms  with  an  abundance  of  both  vegetable  and  ani- 
mal life,  in  air,  in  earth,  in  stream  and  sea,  and  tiierefore 
death  is  constantly  on  every  hand,  and  its  dissolutions 
meet  the  waters  wherever  they  fall  or  flow.  Tliere  are 
numerous  plants,  trees,  insects,  and  animals  that  we  recog- 
nize day  by  day,  but  there  are  undoubtedly  species  and 
classes  more  innumerable  above  and  below,  that  we  can  dis- 
cover only  when  our  vision  is  aided  by  magnifying  lenses. 

Upon  the  niead<tw  jiools  and  small  ponds  of  the  swamps, 
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ica  of  microscopic  fungi,  not  unlike  the  mould  ujjon 
dweayiog  fruit,  though  less  luxuriant,  are  found  in  abun- 
dancH  by  searchers  who  euspeot  their  presence.  To  tlie 
gi-neral  obserrer  they  appeal'  as  dust  upon  the  water  or 
give  to  it  a  slight  appearance  of  oj)aquene98. 

There  are  species  of  ft-esh-wattjr  algie  that  thrive  in 
abundance,  p,  culiar  to  all  seasons,  and  they  are  said  to  have 
bi-en  found  in  the  heated  waters  of  boiling  spring  basins, 
and  als(i  in  healthy  life  within  an  icicle,  and  they  are  the  last 
of  life  high  U]>  on  tlie  mountain  slopes,  near  the  borders  of 
eternal  snows.  Ditehea,  [K)ol9,  springs,  rivers,  lakes,  and 
dripping  grottoes  have  each  their  native  class.  In  stagnant 
waters  abound  the  oscillatoriie  of  dull-greenish  or  dark- 
purplish  or  bluisli  color,  forming  dense  slimy  strata,  and 
the  brighter  green  zygenemas  which  float  or  lie  entangled 
among  the  water  plants. 

The  desmids  abound  in  the  early  spring  of  the  year,  and 
various  algfe  tlourish  in  the  autumn.  A  thriftj'  fungus  of 
the  gi'uus  Noctos  frequents  the  quiet  watere  of  lower  New 

|£iigland  and  the  Middle  States. 
These  plants  at  their  dissolution  often  impart  an  oily 
appearance,^ a  greenish  or  brownish  color,  and  a  somewhat 
offensive  smell  to  the  water.  The  noctos,  while  in  active 
grow1;h,  forms  part  of  the  green  scum  often  seen  upon  the 
surface  of  still  water.  The  tishy  smell  and  the  color  which 
they  impart  to  the  water  in  decomposing  seems  to  be  largely 

Kae  to  an  essential  oil  which  they  give  out  when  breaking  up. 
112.   Vegetal     OrgaiiisniN     hi    Water-PipeK.  —  A 
[)ecies  of  confervse  has  been  found  growing  and  multiply- 
ing rapidly  within  water-pipes,  having  taken  root  in  the 
line  oi^nic  sediment  deposited  from    feeble  currents  of 
.water  in  the  dead  ends  or  in  the  large  mains.     These  micro- 
lopic  plants,  after  maturing  in  abundance,  are  detached 
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by  the  current,  decoini)ose,  and  impart  an  appreciBble 
amount  of  odor  and  taste  to  the  water,  reduce  its  traDB- 
parency  and  give  a  slight  tinge  of  color. 

112a.  Bacteria. — Bacteria  are  the  smallest  vege- 
table colorless  microcosms  of  the  class  Algse.  The  group 
is  large  and  the  forms  varied,  and  under  favoring  con- 
ditions their  multiplication  is  rapid,  and  their  influence 
upon  the  organic  matter  or  life  with  which  they  come  in 
contact,  and  upon  which  they  thrive,  is  sometimes  most 
momentous  in  itjs  consequences. 

They  are  widely  diffused  in  nature  wherever  there  is 
both  warmth  and  moisture,  and  multiply  so  rapidly  by 
fission  or  by  spores  that  they  are  almost  omnipresent  in 
water  and  air.  Two  hundred  forms  of  micro-organisms^ 
found  in  water,  liave  been  described  by  the  Frankhmds. 

A  hirge  majority  of  the  bacteria  are  deemed  to  be  use- 
ful as  scavengers  that  assist  in  reconverting  dead,  orgimic 
matters  in  and  above  tlie  water  into  new  elements,  and  thus 
])r()iu()te  the  processes  of  sturdier  green  vegetaticm  and  the 
Ijurilicatiou  of  the  waters.  Such  bacteria  are  terme<l 
sapi'ophytic,  and  they  are  jnesent  where  there  is  fenueu- 
tation  and  ])utrefacti()U  as  active  agents  in  these  jn-iH^esses. 
There  are  ('ertain  of  the  l)acteria  that  thrive  l)est  on  the 
tissues  of  living  organisms.  Such  are  termed  paiTisitic, 
and  it  is  these  that  Water  Commissicmers,  physicians,  ami 
humanity  in  general  fear  most,  for  the  products  of  their 
nutiition  are  j)()is()nous  to  the  tissues  attacked,  and  the 
results  disease  j^roducing,  sometimes  fatal. 

Kven  clear  spring  water  (*ontains  usuaUy,  as  it  issuers, 
a  few  l)acterial  i)lants.  These  waters,  and  filtered  wat^i*H 
liMving  at  first  a,  few  j)lants,  may  ex])eiience,  within  three 
days  of  the  exjiosure  of  the  water  to  the  summer  atmos- 
phere, amultii)lication  of  the  growt  lis  several  thousiind  foM 
Most  waters  of  fresh  i>onds  c<mta in  bacteria  in  abundance. 
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The  waters  of  such  rivers  as  the  ITianies  in  EDglu.Dd, 
the  Seine,  Marne  and  Oun^q  in  France,  auil  the  Spree  in 
(iermany,  have  been  found  to  contain  ordinarily,  aa  the 
Beusonti  vary,  from  .'),ouO  to  j(i,iHt(i  mioro-organisms  per 
cubic  centimeter,  <)r  nearly  one  tea.-spoonful  of  water. 
Sediments  or  the  sliniea  on  submerged  surfaces  have  been 
found  to  contain  one  and  one-hulf  million  organisms  in  a 
like  volume  of  water.  The  fffices  of  a  typhoid  patient 
have  been  found  to  contain  one  thousand  million  organ- 
isms in  a  like  volume.  The  total  number  in  a  single  putre- 
fying carcass  is  inconceivable. 

Crystallization  of  the  water  by  frost  does  not  certainly 
destroy  the  bacteria,  but  their  activities  are  checked  by 
temperatures  less  than  5ii^  Pahr. 

A  warmth  ecjuiil  to  the  normal  temperature  of  the 
human  liody,  about  l(i('°  Fahr.,  is  favorable  to  their 
growth.  A  temperature  of  ^l^i"  is  destructive,  if  con- 
tinued a  qruirter  of  an  hour  iir  more. 

Manifestly  it  is  not  in  (lie  number  alone,  but  in  the 
parasitii^al  kind  of  microbes  brought  in  our  drinking  water 
that  we  fear  the  origin  (»f  an  epidemic. 

If  a  cislem  or  well  or  stream  has  been  subject  to  ilrain- 
ngeaffe<!ted  by  the  dejectji  of  fever  patients  or  by  any  ani- 
mal evacuations;  if  a  stream  is  subject  to  the  di.sintegra- 
tions  of  dead  animal  substances  or  to  sewage  containing  or- 
ganic matter  in  dissolution,  or  even  to  hoajntal  or  house- 
hold drainage,  the  waters  may  be  stocked  with  parasitic 
germs. 

lleuee  there  is  microbial  danger  in  water  supplies 
affected  by  drainage  from  manured  fields,  there  is  danger 
from  infusions  of  even  a  relatively  small  amount  of  sew- 
age, tliere  is  danger  from  infusions  of  any  auimal  matters, 
and  hence  there  is  extreme  hazard  to  a  community  when 
the  dissolutions  of  a  larrass  jiermeafes  its  well  water,  ita 
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siTeam  of  water  supply  or  its  reserroir  storage  with  those 
parasitic  microbes  which  thrire  iiiM>n  and  destro j  hmnan 
tissues  and  blood. 

113.  Animate  Orsanie  Impurities. — Hie  waters 
are  not  less  pregnant  with  animal  than  Tegetal  life.  The  mi- 
croscope has  here  extended  our  knowledge  of  varieties  and 
numbers  of  species  also,  especially  in  waters  infosed  with 
organic  substances. 

The  tiny  infusoria  were  first  discorered  in  strong  Timeta- 
ble infusions,  hence  the  name  given  to  them ;  bnt  with  the 
extension  of  microscopical  science,  the  class  has  been  ex- 
tended to  include  a  variety  of  animate  existences,  from  the 
quiet  fresh  water  sponge  to  the  most  energetic  little  creatures 
that  battle  ferociously  in  a  drop  of  water. 

Dr.  Crace  Calvert  has  shown  ^  that  when  albumen  from 
a  new  laid  egg  is  introduced  in  pure  distilled  water  and 
exposed  to  the  atmosphere,  minute  globular  bodies  soon 
appear  lm\ing  independent  motion.  These  he  denominated 
monads. 

Th**ir  appc'aranc^^  was  earlier  in  lake  water  than  in  dis- 
til U'd  water,  and  earliest  and  most  abundant  in  solutions 
of  largest  exyKJSure  to  tlie  atmosphere. 

Tliese  monads  have  diameters  of  about  i^^^nnF  of  an 
inch  ;  in  their  next  successive  stage,  of  about  Y^hns  ^'  ^^ 
inch  ;  and  then  of  about  ^j^^y^  of  an  inch.  He  denominates 
tliem  vibrif>s  in  tlie  two  last  stages.  Then  they  change  into 
cells,  having  power  to  pass  over  the  field  of  the  microscope 
rapidly. 

The  albuminous  products  of  decaying  leaves  and  plants 
in  water  also  promote  the  generation  of  aquatic  life,  and 
dead  animal  substances  are  almost  immediately  inhabited 
by  a  myriad  of  creatures. 

♦  Papers*  r**md  Ijefore  tlie  Royal  Society.  Ixindoii. 
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t""rhe  discussion  upon  the  question  of  spontaneous  geiie- 
*pation  in  progre^  at  the  opening  of  our  centennial  year,  is 
adding  many  new  and  iiiten'sting  experini(.'ntal  residts  to 
tlie  researclies  of  Pasteur  and  Schroeder,  relating  to  the 
propagation  of  bacterial  life  ii-oni  atniospheric  niote  germs, 
and  the  agency  of  germs  in  the  spread  of  epidemic  contagia, 
Prt>f.  Tyndall  and  Di-.  Bastian,  the  leading  controversialists 
in  this  discussion,  are  agR'ed  tliat  hotb  vegetable  and  animal 
infusions,  if  exposed  to  the  summer  atmosphere,  will,  ordi- 
narily, abound  in  bacterial  life  in  about  three  days. 

There  are  also  in  the  streams  and  lakes  the  larger 
zoophytes,  moltusca,  articuiata.  and  cmstacea,  some  of  which 
are  familiar  products  of  the  waters,  and  also  tish  in  great 
variety. 

But  all  of  these  do  not  pass  through  the  objectionable 
putrefactive  stage  described  above.     Tlie  weaker  classes 
■  are  food  for  the  stronger,  and  the  smaller  of  some  classes 
.  for  the  larger  of  the  same  class.     Of  tlie  many  that 
ome  into  being,  comparatively  few  survive  till  a  natural 
death  terminates  their  existence,  but  each  devours  others 
for  a  substantial  part  of  its  own  nourishment.,  and  hides, 
-  £glits,  or  retreats  to  preserve  its  own  exist*'nce, 

114.  Propu^itioii  of  Aquatic  Or^niHms. — A  warm 
nperature  of  both  air  and  water  ai-e  requisite  for  the  abun- 
dant propagation  of  aquatic  life.  The  presence  of  a  consid- 
erable amount  of  either  vegetable  or  animal  impurities  in 
Ibe  waters  seems  also  a  requisite  for  the  lower  grades  of  life. 
How  far  certain  electrical  influences  in  the  air  and  water 
mtrol  the  results  are  not  yet  determined.  Certain  it  is, 
however,  that  the  mici-oscopic  ci'eatiires  sometimes  swarm 
suddenly  in  abundance  in  quiet  lakes  and  pools,  in  a  Fetni- 
ingly  unaccountable  maimer,  remain  in  abundance  for  a 
Hrf^  days,  or  possibly  a  few  weeks  in  rare  seasons,  and  then 
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as  mvisienojidy  disappemr.  There  is  a  similar  appeanum 
of  microscopic  plants,  when  all  the  natuial  cooditioiis  iiaror- 
^ble  thereto  oeeur  siamltaneoaBlj.  but  thrir  comiiig  cannot 
ilwars  be  predicted,  neither  can  the  time  of  th^  disap- 
pearanci^  be  foretold. 

A  v»-iy  brief  existence  is  aOotted  to  a  laige  share  of  the 
minute  vegetal  and  animate  aquatic  beings  we  have  had  in 
r  irii?id»^ration.  Perhaps  the  greater  share  of  the  animate, 
r  tnni  scarce  a  single  circuit  of  the  sun  in  their  whole  term; 
o:\irrsi  soon  jjqss  to  a  higher  stage  in  their  existence,  and 
are  thereafter  terrestrial  in  their  habits. 

1 15.  Purifjrlng  Office  of  Aquatic  Lafe. — One  of  tbe 
chief  office's  of  the  inferior  inhabitants  of  the  waters  is  to 
aid  in  th*'ir  purification  by  devouring  and  assimilating  the 
d^-ad  and  decaying  organic  matters. 

Tii^  infusorial  animalcuhe  are  undoubtedly  encouraged 
in  tlit'ir  propagation  by  the  presence  of  impurities  so  far  as 
to  )»*•  an  unmistakabU/  indication  of  such  impurities;  and 
they,  on  the  other  hand,  attack  and  destroy  such  impurities 
f<:»r  thnir  own  nourishmt^nt,  when  they  are  devoured,  and 
their  devoim*rs  devoun^d  by  liigher  existences,  till  the  last 
b  x-oni  •  IVmxI  for  lish  that  constitutes  a  food  for  man. 

Tills,  and  this  only,  is  the  proper  chaimel  through  which 
the  dr^^oinjKDsiiig  onzanic  impurities  in  water  should  reach 
th»^  human  stomaoli.  having  by  Nature's  wonderful  pro- 
c«"ss  <  o!  assiraihition  Kvn  tirst  converted  mto  superior 
liviii.:  tissues. 

A  .riN^at  variety  of  fish  are  daily  consumed  for  our  food, 
alsout*  niollusca  tn:>m  salt  water,  as  chims,  oysters,  and  mus- 
sels, also  of  cnistaoea,  as  lobsters,  onibs,  shrimp,  etc.;  hence 
we  infer  tliat  the  hiirherordt^i-s  of  fn^h  water  inhabitants  are 
no:  hannful  while  living  tlu^n^in,  and  are  nourishing  as  Xood, 
if  consumed  while  the  influence  of  tluir  vital  foroe  remains 


it 


ABHAdlUN    LMi'UKlTItM  133 

T!iL'  iiction  of  oxygen  upon  organic  bodies  tends  always 
J»owerfuUy  to  deconijK)sition,  but  id  (;ount<Tjicted  by  the 
vital  force.  Wlien  the  vital  force  ceases  then  decomposi- 
tion soon  begins,  and  then  the  body  acted  upon  is  unfitted 

the  human  digestive  organs. 

116.  Intimate  K4*lati4Mi  lietween  Grade  of  Orgaii- 
IsniH  and  Quality  i>f  Wiit<!r. — The  grade  and  character 
o.  the  growths  iu  fresh  water  ai-e  almost  invariably  reliable 
t^^sts  of  the  quality  of  the  watt-r,  and  if  the  plants  be  fine- 
grained, firm,  and  delicate  in  outline,  or  the  fish  trim  in 
form,  lithe  in  motion,  and  fine  in  flavor,  the  water  is  most 
sure  to  bt>  good. 

117.  Animate  Organisms  in  Water-Pipes. — Neariy 
all  of  the  animate  a*|uatic  existences  must  rise  frequently 
to  the  water  surlace  to  secure  their  necessary  share  of  at- 
mospheric oxygen.  If  any  of  them,  not  liaving  tracheal 
gills,  or  their  equivalents,  to  enable  them  to  breathe  a  long 
time  nnder  water,  ai-e  drawn  into  the  pipes,  and  are  thns 
"ot  off  from  their  supply  of  oxygen,  they  soon  perish. 
^''en,  if  the  water  is  not  of  low  terajwrature.  their  decom- 
position soon  commences,  and  an  oflensive  gas  from  their 
'HKli,.g  entjTS  into  solution  with  the  water. 

118.   Abrasion  Impurities  In   Water.  — The  most 

P'Xkminent  sources  of  the  frictional  impurities  are  the  banks 

'^^  day  and  sand  bordering  upon  the  running  streams,  and 

""^    plowed  fields  of  the  hillside  farms.      The  movement 

"'    these  sedimentary  matters  in  suspension  is  dei>endent 

largely  upon  the  force  of  storms  and  floods,  and  in  the  ma- 

jority  of  streams  their  movement  is  rapid  towanl  the  sea, 

*  Mere  they  are  massed  in  fonnd;itions  of  lagoons  and  islands. 

With  them  are  swept  away  a  great  bulk  of  the  matured 

V^jditrts  of  vegetation  that  annually  ripen  in  the  forest,  the 

feld,  and  upon  the  banks  of  the  streams. 
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119.  Agricultural  Imparities. — ^It  remains  now  to  re- 
view in  outline  the  artificial  impnritiedy  which  are  always 
to  be  shunned  if  known  to  be  present,  and  are  to  be  sus- 
piciously watched  for,  as  secret  poisons  Imping  in  the  clear 
and  sparkling  water. 

These  are,  it  is  true,  compounds  of  mineral  and  organic 
matters,  similar  in  many  respects  to  those  already  con- 
sidi'red. 

Nature  provides  prompt  acting  remedies  for  such  nox- 
ious impurities  as  she  presents  to  the  waters,  and  the 
seasons  of  most  rapid  fouling  have  the  most  abundant 
purifying  n^sources.  But  when  great  bulks  of  decompos- 
ing organic  matters  are  massed  and  are  permitted  to  foul 
the  streams  with  a  blackening  flow  of  disease-inducing 
dregs,  such  as  are  washed  from  fertile  gardens,  or  pour 
from  manufactories  and  sewers,  no  adequate,  prompt,  na- 
tural n^medy  is  at  hand. 

One  of  the  first  results  of  the  massing  of  i)eople  together 
is  an  increase  in  degrei*  of  fertilization  of  the  land  of  their 
neighborhood,  and  thus  the  lands  over  and  through  which 
tlHMr  waters  flow  are  mixed  with  concentrated  decomposing 
vegetable  and  animal  ])roducts. 

I'iO.  3Iaiiufaeturiiij^  Impurities,  —  Manufiactories, 
esjx^cially  such  as  deal  with  orgtinic  products,  are  prolific 
sources  of  contamination.  Among  their  operations  and 
refuse*  may  be  er.  iniemted  as  prominent  poUuters,  washings 
of  wool  and  vegetable  dyes  of  woollen  mills,  washing  of  old 
rags  and  foul  linens  of  papT-mills,  the  hair,  scrapings, 
bark,  and  liquors  of  tanneries,  the  refuse  and  liquors  of 
glue  factories,  bone-boiling  and  soap-works,  pork  render- 
ing and  packing  establishments,  slaughter-houses  and  gas- 

works. 

121.  Sewage  Imimrities.— Most  foul  and  fearful  of  all 
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the  artificial  pollutions  which  ignomnt  and  careless  hnman- 
ity  permits  to  reach  the  streams  are  the  drainage  of  cesspools, 
sewers,  pig-styes,  and  stable-jards. 

Tlie  man  who  permits  his  family  to  use  waters  impivg- 
iiated  with  fecal  substances  that  tlie  bodies  of  other  persons 
or  animals  have  already  excreted,  and  the  authorities  who 
permit  their  citizens  to  use  such  waters,  opens  for  them 
freely  the  gates  to  aches  and  pains,  w-eaknesaes  of  body  aud 
mind,  injuries  of  tissues  and  blood,  attacks  of  chronic  dis- 
eases and  epidemics,  and  surely  permits  destiuctiou  of 
their  vigor,  shortens  their  average  life,  and  also  degeneiutes 
the  entire  existence  of  the  generation  they  are  i-earing  to 
succeed  them,  whom  it  is  their  duty  as  well  as  pleasure  to 
cherish  and  protect. 

There  is  no  community,  there  are  very  few  families,  and 
comparatively  few  animals  without  disease.  In  large  com- 
munities there  is  rarely  a  time  when  some  virulent  disease 
does  not  exist. 

The  products  of  the  humors  and  fevers  of  each  individual 
in  large  part  escapes  from  the  body  in  the  feces  and  urine. 
If  drinking  water  is  allowed  to  absorb  tliese  festering  mat- 
ters, either  in  the  ground  or  in  the  stream,  it  transmits  them 
directly  to  the  blood  and  tissues  of  other  individuals,  and  a 
hundred  deaths  may  result  from  the  evacuations  of  a  single 

•ased  person. 

133.  Impure  lee  in  Drinking  Water. — Ice  is  now 
BO  generally  used  in  drinking-water  in  summer,  to  cool  it 
immediately  before  drinking,  that  the  people  should  be 
warned  against  such  use  of  ice  gathered  from  water  that 
would  have  been  unfit  for  drinking  before  freezing.  Chem- 
istry has  fully  demonstrated  that  ice  is  not  entirely  purified 
by  the  process  of  crystallization,  as  has  been  popularly 

ieved. 
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The  impurities  that  are  in  that  portion  of  water  that 
fppezes,  j«ome  of  which  have  jnst  been  broogfat  ftom  the 
Vittorn  bv  tin*  vertical  circulation  that  occurs  when  water 
i.s  cldlk^l  at  the  surface,  are  caught  among  the  crystals  and 
pn-^^rvtil  therf\  as  even  fresh  meats*  and  fruits  might  be 
[)rei^*r\**il.  Tlie  j>rocess  of  purification  of  the  water  that 
would  have  gone  on  by  the  oxidation  of  the  impurities,  is 
clHH-kfKl  wlirn  they  are  surroundtHi  by  the  ice  crystals,  and 
I)rr»c(H'ds  a^in  wlien  the  ice  melts. 

An  instance,  of  mu<*h  notoriety,  of  the  eflTects  of  impure 
\n\  was  that  of  the  sickness  among  the  numerous  guests, 
during  th«-  seas<»n  of  187.5,  at  one  of  the  Rye  Beach  hotels, 
a  jK>piilai  n»soil  on  the  New  Hami)shire  coast. 

The  sicknt^s  liere,  confined  to  one  hotel  in  the  eariy  part 
of  the  sf*as^>!i,  was,  after  much  search  by  an  expert  physi- 
cian, trac«*d  unmistakably  to  the  ice,  which  was  gathered 
froTM  a  small  stairnant  j>ond,  and  all  the  peculiar  unplea- 
sant symptoms  ceas4»<l  wli^n  the  source  was  located  and  a 
]mn*i  supply  of  ic(^  obtained. 

An  analysis  f)f  the  impure  ice  in  question,  by  Professor 
\V.  H.  Xic}M>ls.  trave  th(»  fr)llowing  result,  by  the  side  of 
which  i<  placed  a  like  analysis  of  water  from  Cochituate 
I^ke,  foi  the  jMii-pose  of  comparison  : 


Ice  from  Stagnant      '  Water  from 
Pond.  Cochi-^at« 

I         Lakk. 

Grains  per  U.  S.  Gau   |   ^"^''gai! 


I  'njiltrred.  Fiitertd. 

Ammonia 0.0121  0.0124     1     0.0020 

Albuminoid  Ammonia 0.0410  .0096     |     O.0068 

Inorganic  Matter .  ....      4.55  4.01         ;     1. 61 

Organic  and  Volatile  Matter 3.33  1.66 


Total  solid  residue  at  212    Fahrenheit. .       7.88  5.67 

r,hlorinc 1.88 

Dxyijen  required  to  oxidize  organic  matter.  0.495 


1.22 


2.83 
.18 


I«3.  A  Seieutific  Doflnitiou  uf  Polliit^xl  Wrtt^r.— 

Snbjwl.  ita  tlie  eeiisitivi'  watiT  is,  to  imiuincralik'  lieterinra. 
"ing  Jiiul  purify iiij:  infiuciicey,  in  ita  tnmsforQiatioiis  ;iiid 
varitHl  course  iknu  tliL'  atmosphere  to  the  lioutiieliohl  f';iiii- 
taiii.  it  l>pcames  of  tlie  gi-ejitest  sanitary  importance  to  luiow 
when  tlie  deteriorating  influenwa  still  predominate,  and  wlicn 
furtlier  purification  is  essential  for  tlie  well  being  of  tlie 
consumers. 

ProfesHor  Franldand,  an  eminent  English  authority  on 
the  tpiality  of  drinking  water,  has  clearly  defined  a  mini 
muni  limit,  when,  in  his  ojiiiiion.  water  contains  Piifficient 
meolianioil  or  chemical  impurities,  in  suspension  or  solu- 
tion, to  entitle  it  to  be  considered  bad,  or  a  iKtllute^ 
liquid,  v-iz.  : 

(«.  I  Every  liquid  which  lias  not  been  submitted  to  pre- 
cipitation produced  by  a  i>erfect  i-epose  in  ree<^rvoirs  of  suf 
li4-ient  dimensions  during  a  period  of  at  least  six  hours;  ni 
whirli.  having  been  submittt^  to  precipitation,  containg  in 
suRjK-nsion  mo'e  than  one  jKirt  by*  weight  of  diy  organic 
matU^r  in  l()(),0<)il  parts  of  liquid  ;  or  which,  not  having  Ikvu 
submitted  to  precipitation,  contains  in  suBjx'nsion  more 
tlian  !i  [larts  by  weight  of  diy  mineral  matttir,  or  1  jiart  by 
weight  of  dry  organic  matter,  in  100,0(K)  i)arts  of  liquid. 

(i.)  Every  liquid  conta,iuing  in  solution  more  than  3 
parts  by  weigtit  of  organic  rarbon  or. 3  jHirts  of  organic 
nitrogen  in  lOO.OlKt  parts  of  liquid. 

{r.)  Every  liquid  which,  wlien  plactxi  in  a  white  poree- 
lain  vessel  to  tlie  depth  of  one  inch,  exhibits  under  daylight 
a  distinct  color. 

(d.)  Every  liquid  which  contains  in  solution,  in  every 
boO.OOO  parts  by  weight,  mon-  tlian  2  parts  of  any  nutal, 
poept  calcium,  magnesium,  potassium,  and  sodium. 

(e.)  Every  liquid  which  iu  every  100,(K)0  parts  by  weight 
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contains  in  solution,  sospenidon,  chemical  combinati<Hii,Qi 
otherwise,  more  than  0.05  of  metallic  arsenic. 

(/.)  Every  liquid  which,  after  the  addition  of  sulphuric 
acid,  contains  in  eveiy  100,000  parts  by  weight  more  than 
1  ;)art  of  free  chlorine. 

(g.)  Every  liquid  which,  In  every  100,000  parts  by 
weight,  contains  more  than  1  part  of  sulphur,  in  the  state 
of  sulphuretted  hydrogen  or  of  a  soluble  sulphuret 

{h.)  Every  liquid  having  an  acidity  superior  to  that  pro- 
duced by  adding  2  parts  by  weight  of  hydrochloric  acid  t^ 
1,000  parts  of  distilled  water. 

(/.)  Every  liquid  having  an  alkalinity  greater  than  that 
produced  by  adding  1  i)art  by  weight  of  caustic  soda  to 
1,000  parts  of  distilled  water. 

(J.).  Every  liquid  exhibiting  on  its  surface  a  film  of 
petroleum  or  hydrocarbon,  or  containing  in  suspeiision  in 
100,  ()()()  parts,  more  than  0.05  of  such  oils. 

The  analytical  examination  of  drinking  water  in  the 
laboratory  should  be  preceded  by  a  microscopical  exami- 
nation of  the  water  at  the  source  of  supply,  and  as 
pr(mii)tly  as  ix>f^si'^l^  ^^  bacteriological  examination  of 
specimens  of  the  water  taken  in  sterilized  tubes. 

Prof.  V.  C.  Vaughn's  standard  of  x>^rmissible  impu- 
rities in  drinking  water,  is  quoted  as  follows: 

Total  residue,         ....  500      parts  per  million. 

Earthy  bases 200  «'  "  " 

Sodium  chloride  (about),        .         .10  "  **  ** 

Sulphates, 100  "  «  *» 

Free  aiumonia,       ....       0.05  **  **  ** 

Albuminoid  ammonia^    .         .         .       0.15  **  "  ** 

Nitrates 0.5  "  *'  " 

Nitrites, 0.0  "  "  u 

Reduction  of    potassium  and    |)er- 

manganate      .         .         .         .8  '*  <*  <« 
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It  remains  now  to  add  to  these  general  theoriea  respect- 
ing the  purity  of  water  some  special  suggestions  relating  to 
the  setectiou  of  a  potable  water. 


WELL     WATER. 

124.  Location  lor  Wells. — We  hare  seen  that  the 
source  of  water  supi)]y  to  wells  is,  immi-diately,  the  rain, 
aud  tliat  in  the  vicinity  of  dense  populations  the  rain  readies 
tlie  surl'acL'  of  the  earthj  ah-eady  polluted  by  tlie  impui'ities 
of  the  town  atmosphere. 
H     In  the  open  countrj',  the  water  reaches  the  ground  in  a 
VlnileTably  pore  condition,  and  by  judicious  selection  of  a 
fflte  for  a  well,  its  water  may  usually  be  procured  of  excel- 
lent quality.     Country  wells  must,  however,    be  entirely 
separated  frcjin  the  drainage  of  the  stable  yards,  muck 
heaps,  and  house  sewerage,  and  from  soafcage  through 
highly  fertilized  gardens. 
I         In  towns,  surface  soils  are  continually  recipients  of 
^■onaehotd  refuse,  manures,  and  sewer  liquors,  and  of  dead 
nand  decaying  animal  matters. 

These  have,  by  abundant  examples,  been  proved  to  be 
the  most  dangerous  of  the  ordinary  contaminations  of  shal- 
V  wells. 

The  strictly  mineral  impurities,  to  which  all  wells  art 
D  some  extent  subject,  are  not  usually  injurious  to  human 
onstitutious,  though  in  districts  where  lime  is  pr\?sent  in 
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the  soil  in  oonsidemble  qnaatilj,  the  reBoItii^  harflnflw  is 
ioeaawewesat  and  indirectly  ezpensive. 

An  intdligent  examination  of  Hie  poritkriks^  di|i,  and 
porosil^r  of  the  earth's  sapentiata  in  flie  yioinitjr  dh  pro- 
posed well  will  be  a  more  inlMlihle  gnlde  to  its  locatkn 
where  it  will  yidd  an  nnfiuBiig,  almndanti  and  whcdesome 
sappljr.  than  wiU  lelianoe  npon  ^^haid  folks  V  and  ^^  divin- 
ing rods,'*'  in  which  the  snperetitioas  have  evinced  fiiith  and 
bv  which  they  have  often  been  deceived. 

195.  Foulins  ^  Old  Wdls.— Hie  taUe  of  analyses 
of  well-waten  above  presented  <page  ISl,  et  seq.)  indieates 
that  the  old  wells  of  towns  are  amoqg  the  most  impure 
sources  of  domestic  water  snppi  j. 

The  continned  increase  in  the  hardness  of  weD-water  as 
the  population  abont  them  becames  mcMe  dense,  indicates 
that  this  incn«as^  i$  doe  to  the  salts  of  the  dissolved  oiganic 
n^fu^^  with  which  the  grcmnd  in  time  becomes  satnrated. 

Mr.  F.  Simon,  an  English  analyst,  states,  that  **ont  of 
four  Inmdnxi  and  twenty-nine  samples  of  water  sent  him 
fnMii  x^olls  in  <\>untrr  towns,  be  was  obliged  to  rqect  three 
hn^idnxl  am)  ^^^rt^n  a$  nnlit  for  diinlmiig.^^  Another  En^ 
1i:>h  oboiuisT  statt^  ihni  **  much  of  the  w^ell-water  he  is  called 
ii^xMi  to  ov^imino  provt^  lo  be  moie  fit  lor  feifilliing  piu> 
1\^>?  tliaji  for  hnmsui  consnTOption.*' 

l>i>f,  OhAnaior,  l^t^doin  of  the  New  Yotk  City  Boaid 
.^f  lltvahlu  ai)il  l>^>fi*ssk^T  of  Cht-mistrr  in  the  School  of 
Mh^i^  Oohinil^ia  Oollt^x  ren^Arited :  Tamsaj  laimi^  ft  inn 
iho  pn^x^niiiv  of  i>^<5>'jx\^l>  aT>d  prixx  vanits,  the  widl-wata 
Kw^Ti^t^^  cs>Tininiiiuit<\?  wiiJi  Ti^Tt-TY^  i^  aage^  —iters  whidiy 
whilt^  iht^Y  ha-Tiilv  jdftvT  ihr^  Ta?iie  or  9mD  of  Hie  water, 
t.jiro  7>ovtMi}h>)t^<«^  tho  po«vT  TO  rrwtfie  the moit  deadly  dis* 
4urha.nfH>?  i^i  i W  }>:>r^^n^  'n bo  -a^ie  the  wiaer&'" 

ul^^  -.loiinud  v^  Ht^'t>a*^  K^maatxd  tkaft.  ^in  the 
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autumn  many  wella,  which  supply  families  with  drinkiug 
and  cooking  water,  get  very  low  and  their  bottoms  are  cov- 
ered with  a  tine  mud,  largely  the  result  of  organic  decom- 
jtositions,  also  containing  poieonous  matters  of  a  very  con 
cenrmted  character.  The  very  emanations  from  this  well 
mud  are  capable  of  causing  malignant  fevers  in  a  few  hours  ; 
hent-e  many  families  dependent  on  well-watere  are  made 
sick  during  the  fall  of  the  year  by  drinking  these  impreg- 
nated poisons,  and  intitxiucing  them  directly  into  the  circu- 
lation. Many  obscure  ailments  and  'dumb  agues'  are 
caused  in  this  way." 

"  l'£G,  HarnileMS  Iiuprogiiatloiis. — ^The  impurities  of 
spring  water  are  chiefly  mineral  in  character,  derived  from 
the  constituents  of  the  earths  through  wliich  their  waters 
percolate.  Among  the  most  soluble  of  the  earths  are  mag- 
nesium, calcium,  potassium,  and  sodium,  and  these  appear 
in  spring  waters  as  carbonates,  bicarbonates,  chlorides, 
sulphates,  silicates,  phosphates,  and  nitrates,  and  are  usu- 
ally accompanied  by  an  oxide  of  iron  and  a  minute  quan- 
tity of  silica. 

The  above  eaiths  are  liarmless,  and  are,  in  fact,  consid- 
^'■ed  beneficial  in  drinking  waters,  when  present  in  moderate 
luantities,  or  not  exceeding  eight  or  ten  grains  per  gallon, 
^ost  persons  are  familiar  with  the  medicinal  properties  of 
'H^  carbonate  of  magnesia,  a  mild  cathartic,  and  of  its  sul- 
Plxate  (Epsom  salts),  a  mild  purgative,  and  with  the  carbt)n- 
**^  and  nitrate  of  potassa  (pearlash  and  saltpetre)  in  the 
^^^.  and  with  the  medicinal  properties  of  the  bromide  of 
y*otassium,  a  mild  diuretic. 

Sodium  is  more  familiarly  known  as  common  sea-salt, 
ftnd  calcium  as  common  lime,  of  which  it  is  the  base,  and 
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fiilica  as  the  base  of  qTiaitz or  conimon  sand.  Spring  watira 
are,  by  their  jtassagt'  llii-ougU  the  earth,  thoroughly  filten-.! 
and  relieved  of  suspended  impurities,  and  therefore  appear 
as  tile  most  clear  and  sparkling  of  aU  natural  waters. 

In  the  selection  of  a  spring  water,  it  is  to  be  specially 
observed  that  it  is  free  from  impregnation  by  decajing 
organic  matters. 

1*-J7.  Mineral  Springs.— In  illustration  of  tlie  EacU 
that  clearness  to  the  eye  ia  not  evidence  of  purity,  or  min- 
eml  impregnation  of  the  most  usual  character  immediately 
dangerous  to  the  constitution,  we  append  a  few  analyses  of 
well-known  minei^l  spring  waters,  with  quantities  of  ingiv- 
dients  expressed  in  grains  per  U.  S.  gallon.     (See  page  143.) 

This  formidable  array  of  chemical  ingredienta  indi- 
cates that  the  waters  have  taken  into  solution  the  familiar 
minerals,  magnesia,  common  salt,  lime,  iron,  potash,  sul- 
phur, quartz,  and  clay,  and  the  gases,  oxygen,  hydrogen, 
nitrogen,  and  carbonic  acid. 

It  13  mnch  to  be  regretted  that  supplies  from  good  sprin^-s 
are  usually  so  limited  in  quantity. 

The  watt^r  supply  of  Dubuque,  Iowa,  is  obtained  from 
an  adit  pierced  into  the  bluff  near  the  city.  The  ojieratiotis 
of  minere  working  in  the  blufT  were  seriously  impeded  by 
water,  and  they  relieved  themselves  by  tunneling  in  from 
tlie  face  of  the  bluff,  and  thus  underdraining  the  mine.  In 
so  doing,  tliey  intercepted  numerous  percolating  streams  nf 
water.  This  water  is  now  utilized  for  the  supply  of  the 
city. 

LAKE    WATERS. 

128.  Favorite  Supplies.— Fresh  water  lakes  and  deep 
ponds,  whose  watersheds  have  extent.'^  equal  to  at  least  ten  I 
times  their  water  surfaces,  are  ordiuaiiiy,  of  all  ample  ' 


M.JSERAL    SPRING    WATERS. 


143 


< 
C 

S 

a. 

H 


1-3 
< 


1^ 

CO 

6 

U 
J 
OQ 
< 
h 


:         *o.j5  :  :  :     ; 


•  •      •      •     •      • 

•  ••••• 


pjojpdfi      j 


•"•d'lo***      den** 


•  •••••••••••I 

•  ••••••••■••I 

•  ••••■••••• 


8 

M 
«« 


moSauiO 


9qaio3aiig 


«  ^  •   •   •  ▼  w^  •^  ^■^•••••••••••»   ••••••••• 

S*    •  i*»   •    •    •  ^<s!  inoS     'oS    ••....• • 


8.  «« 


!  S»  ;    !    , 

: «     «  :  !  : 


.  c« 

.00 


^•^•••l^fi***  P'lCO  o  Q    •    •    •    • 

•    •••••  J    •    ••        •••••••• 

.  g    .    .      o  S8   •    •    •  sL*  .... 

•  CI     •     •         CMS     •••C)  ..*• 


•    .    •    • 
.    *    •    .    • 


8; 


SinqsparaH 
'irouas 

»1B3qX|wq3 
Sjnq^pojeu 

-sSuuds 
jnqdins  anig 


.   •  ^t  O^*     ^.|*».Ch««»«      •.....•.t«......|M 

•  •?_«•..••••••••••••• .ti 

•  •    X  ''    "^     •       •    ^     .'"•.•{"••••••••••••■••••••'IJil 


00  00 


00    •  <S  •    • 
•    •v.a....^a5 •.        •• 


•      ...•••■.•••I 


**    •  !P  •   •    •  i  SL.fi  %^  2 M    •   •    • 

k2>M>''*^*tAA\A ... 


•  5 


-uoK    ids 
I    jnqdfns  p^H 


i8  :J?  •   •  • 


m 


•  •        •        •        • 

•  •        •        •        • 

•  ■        •        •       • 


■     •    •  ^o    •    •    •    •    • 


m 


•     •     •    •    • 


•    •    •     ■     * 


:oo 


1^ 


**jds  mniY 
ddpaqjlDO'^ 


•      «      ■ 


.   .e-SJ.'S'^ SSfJf'"  8js   •   •    • 

,    lO.'O.nrx loeieo..  a»oo    .    .    . 

,    ,  **    .  "^     •  ^^        .    •    •    '    * »«         •    •  ^  ^        •• 


I  f 

A  '^i  "03 

UOlSlfUIAn 

'^IfuudsuoAy 


•     •      •     .     . 


•     •     .     • 


«     •      .      .     ■     • 


.1 


•  •  tf>   '0000  ro 

•  •        •       «n 


•    •    • 


... 


o 

&  • 


•AN:*aoj»qs 


•  .  .  .  jt  •    **  •  g  •  li •  • 


•AM*  03 
auvqoqos 


......0«.0.'f.......^-^- 

...•.•"•^."•00 Ti^   •«•• 

'    .    I    '    -    •  ^  ^    •  ^    •  J^ '?'?        •    • 


■         •  •         • 


*n 


o 


00 


<^ 


*'jdss83j2ao3 


Boo**        ."V... ,.•.... 

•    •%,»    .    ...    .....••••..••    ••    • 


•  ^  • 


•     •     •     • 


Q 

i 

O 

z. 


I 

a 


V 

a 


'.B 
•  a 


•51  B 


•  p   •  a  3 


al 


2  « 

d  S  o 
o  S  (/: 


as  : 

9  3  53 

^  a  p  c  ^ 

c 

IT. 


=  i.SSB 


lil 


•J3 


2: 


c  ■• 


s  r^i 


5 

J. 

a* 


.a    u3 

0Q     U 


V3 


Ss-g: 


«»2 

Er-5 

o  o 
•cts 

AS 


I  ^ 

2    I 
X    -'J 


...  I 

•  •     « 

•  •     • 


NO 
5 


u 

•c 

m 


pS 


o  = 

•="•-^3  tl  O 


ii 
pS 

o  a 

op 

Im   U    }> 

3  3  M 

3  9^ 


144  WELL,  SPklNli,  LAKE,   ASD   tilVER   SUPPLIES 

sources,  least  liable  to  objectionable  impregnatiou  in  hara- 
fill  quantity.  When  such  waters  have  been  imprisoned  it 
their  flow,  by  the  uplifting  of  the  rock  foundatians  of  ihe 
hills  across  some  resulting  valley,  or  by  more  recent  crowd- 
ing by  ice-fielda  of  masses  of  rock  and  earth  debris  into  a 
moraine  dam,  tliey  are  bright  and  lovely  features  in  tlim 
landscapes,  and  favorite  sources  of  water-supplies. 

'riie  accomplishments  of  scientific  attainments  are  cot 
requisite  to  enable  the  intelligent  populations  to  discoTw 
in  these  waters  wliolesomeness  for  human  draughts  aiid 
adaptability  to  quench  thiratf. 

\Vlieii  such  waters  are  deep,  and  have  a  broad  expanse 
and  bold  shores,  nature  is  ever  at  work  with  i-ain  and  wiud 
and  sunshine,  maintaining  their  natural  purity  and  sparkle. 

129.  Chief  RequiwiteH. — The  prime  requisites  in  lal<e«^ 
when  to  be  used  for  domestic  supplies,  are  abundant  in- 
flow and  outflow,  that  will  induce  a  general  circulation; 
(tbundant  depth,  that  will  maintain  the  water  cool  throngh 
the  heata  of  summer  and  hinder  organic  growth ;  and  a 
broad  surface,  which  the  wind  can  press  upon,  and  roll, 
and  thus  stir  the  water  to  its  greatest  depths. 

Tliese  are  features  opposed  to  quietude,  shallowness, 
and  warmth,  which  we  have  seen  (g  114)  to  be  promoters  of 
excesses  of  vegetal  and  animal  life,  accompanied  by  a  veiy 
objectionable  mass  of  vegetable  decay  and  animal  decom- 
position. Fortunately,  the  shallow  waters  are  ofk'nest  at 
the  upper  ends,  opposite  to  the  usual  points  of  draught  from 
the  lake,  or  in  indented  bays  along  tlie  sides,  from  whence 
their  vegetal  products  are  least  liable  to  reach  the  outflow 
conduit. 

130.  Impoutiding. — When  supplying  lakes  have  mod- 
erate drainage  areas  in  proportion  to  tlie  total  volume  dl 
water  required  from  them,  it  is  then  necessary  to  place  the 
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oraught  conduit  below  their  natural  surface  or  to  raise 
their  natural  surface  by  a  dam  at  tlieir  outift,  to  avail  of 
their  storage,  thus  in  a  degree  changing  their  condition  of 
nature  into  the  artificial  condition  of  impounding  reser 

The  theory  of  volume  of  supply  from  given  drainage 
areas  (§  SU),  and  the  theory  of  making  available  a  lai^ 
proportion  of  the  rainfall  by  impoiinding  (§  75),  liave 
already  been  discussed  in  their  appropriatt?  sections. 

Important  results,  affecting  tlie  purity  of  the  water,  may 
follow  from  tJie  disturbance  of  the  long-maintaintnl  condi- 
tions of  tiie  sliores,  analogous  to  those  of  the  construction 
of  artificial  impounding  reservoira  in  valleys,  by  embank- 
ments across  the  outflow  streams. 

The  waves,  of  natural  broad  lakes  that  have  but  little 
rise  and  fall,  have  long  since  n^nioved  the  soil  from  large 
portions  of  their  shores,  leaving  them  paved  with  boulders 
and  pebbles,  which  the  ice,  if  in  northern  latitudes,  has 
crowded  into  close  rip-rape,  and  the  removed  soil  has  been 
deposited  in  the  quiet  shallow  bays. 

Upon  the  paved  shores  the  lack  of  vegetable  mold  and 
tlie  dash  of  the  waters  are  obstacles  to  the  growth  of  vege- 
tation. 

i:JI.  Plant  Growth.— If,  under  the  new  conditions,  the 
waters  are  drawn  down  in  the  summer,  the  wave  power  re- 
duced, the  shallow  bottoms  of  the  bays  uncovered,  and  an 
entire  sliore  circnit  of  vegetable  deposit  exposed  to  the  hot 
sun,  a  mass  of  luxuriant  vegt^tation  at  once  springs  into  ex- 
istence upon  this  uncovered  bottom,  and  the  greater  its  tlirift 
the  more  rapid  its  decay,  and  the  more  objectionable  its 
gaseous  emanations  that  will  enter  into  solution  in  the  water. 

Such  growths  and  tmn-? formations  may  contimie  to  re- 
peat themselves  throngli  si'vcial  suiTeacive  years,  and  to 
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eome  extent  continuonsly.  Vnder  the  fonner  conditioBs  of 
deeper  water  the  plant  life  was  of  less  abundance,  of  lesa 
tlirifty  growth,  and  of  less  rapid  decay,  and  the  natural 
i>rocv:i?4*s  of  jnui  Heat  ion  were  adequate  to  maintain  the 
natural  ])urity  of  the  water. 

Stiniulat*»d  vegetable  growths  result  in  quick  decay  and 
the  prodiietion  of  vt^etaWe  niuck«  the  foulest  solid  product 
< »f  vi-getiible  decompositions  in  water.  Slow  decompositionfl 
of  vegetable  matter  in  ^-ater  rarely  affect  the  water  to  a 
noxiiiiis  di»gree.  and  result  in  the  production  of  a  peat  de- 
j)Osit  almost  entirely  free  from  deleterious  qualities  in  the 
water. 

The  pn^sence  of  the  fishy  or  cucumber  odor  is  evidence 
that  the  water,  or  a  (Considerable  portion  of  it,  has  been  too 
warm  for  stored  ]>t)table  water ;  and  that  there  is  too  much 
fif  shallow  margin,  or  that  the  storage  lake  has  received  too 
mwrh  of  m»»a(low  dminage.  It  is  not,  as  many  have  sup- 
p<^>s4»fl.  an  evi(lt»nce  of  dead  tish  in  the  reservoir,  but  an  effect 
teiidiiiir  to  drive  the  higher  orders  of  the  fish  more  closely 
•ilxnit  rlie  sinnnirs  or  Intlowinir  str»»ams. 

l.'^'i.  Stnita  Conditions. — The  winds  assist  the  jvadj 
e>ca)M'  of  t]i»»  tKinrous  iras4^s  when  they  have  risen  near  to 
the  suiTace,  and  tin*  stnitum  of  water  of  greatest  purity,  in 
summt-r,  is  nsuallv  a  little  Inflow  the  surface,  and  would  be 
?it  the  suifaee  were  it  not  lor  the  microscopic oi^ganisms  that 
j-xist  there,  and  the  fioatinii  matters. 

The  change  of  density  of  water  with  change  of  tempera- 
ture ]iro(lu<*es  a  remarkabh*  effect  in  autumn.  Water  is  at 
its  greatest  density  at  the  t^unj^ei-atun^  just  above  freezing 
1 39^-2  Fall.",  and  when  the  frosts  of  autumn  chill  the  surface 
wat(»r  it  is  then  lu^avier  than  the  water  below,  and  sinks,  dis- 
placing the  bottr>m  water  ;  and  the  vertical  ciiculataon,  stir- 
ring up  the  whcle  bo^ly,  co.itinues  until  the  surfiiceis  sealed 
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'  \ce,  when  quiet  agaiu  reigns  at  the  bottom.     This  action 
i  np  tin-  bottom  impurities,  and  often  makes  tlieni  jtar- 
riy  offensive  in  autumn,   t'ven  more  tlian  in  mid 
11  nil  T. 

1  the  case  of  new  flowage  of  artificial  reservoira  over  a 
aidmv  bottom,  tlie  live  vetjetable  gi-owtli  lias  all  to  ;-.(> 
g'.i  a  certain  cliemical  transfonuatioo,  tlie  influence  of 
I  upon  the  water  is  often  dctectabU?,  for  a  time,  by  the 
e  of  smell.  'I'his  acti<m  in  the  water  may  be  conaider- 
ably  riHlnci  d  by  first  buniinfr  tliornnglily  tlie  whole  surface, 
and  d;-stroyiiig  tlie  organic  life  and  properties,  leaving  only 
the  mineral  ash. 

The  breaking  np  of  the  vegetable  fibR^s,  if  undsstroyed 
liy  fire,  and  tiieir  deposition  in  the  quiet,  shallow  bays, 
•■nfOuii^;es  tlie  growth  of  aquatic  ])lants.  and,  indirectly, 
animal  life  there. 

The  prot4'ction  of  the  shon'S  by  high  water  in  winter,  and 
their  exposure  by  drawing  down  the  water  in  summer,  is 
favorable  lo  a4iuatic  growths  ujion  them,  as  in  the  above- 
raentiom*d  lake  examples, 

l.'W.  Phiiit  and  Insert  Affoiifies. — In  cases  of  ex- 
cessive growtiis  of  either  or  both  vegetal  and  animal  life, 
their  products  are  liable  to  be  drawn  into  the  outflow  con- 
<luit  and  the  distribution  jnpes,  where  their  presence  becomes 
disagreeably  evident  by  the  gaseous  "fishy"  or  "cncnm- 
ber"  odors  liberated  when  the  wafer  is  drawn  from 
feuceta. 

When  conditions  are  favorable  for  the  production  of 

^ther  vegetal  or  animal  life  alone,  in  excessive  abundance, 

Bsagreeable  effects.  esi>ecially  if  the  excess  be  animal,  are 

no.'st  certain  to  follow,  since  both  hk  among  the  active 

[ent:»  employed  by  nature  in  the  purification  of  water,  and 

itnral  laws  tend  to  preserve  the  due  balance  in  their 
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growth,  the  one  being  prodnoerB  of  oxygen  and  the  othei 
of  carboiL 

Newly  flowed  collecting  or  storage  reservoirs  should  be 
promptly  stocked  with  a  fine  grade  of  fish,  that  will  feed 
upon  and  prevent  the  overabandance  of  the  cmstaoea, 
which  in  tnm  will  consume  the  oi^nic  decompositions,  and 
prevent  their  diffusion  tlirough  the  waters. 

134.  Preservation  of  Purity. — General  obserration 
teaches  that  neither  vt^tation  or  any  species  of  the  infa- 
soria  flourish  to  an  objectionable  extent  in  fresh  waters  in 
the  temperate  zone  where  the  depth  exceeds  about  ten  feet 
though  it  is  true  that  insects  are  liable  to  swarm  u]X)n  the 
surface  of  all  waters  that  arrive  at  a  high  temperature. 
Stored  waters,  for  domestic  purposes,  ought  to  have  in  our 
American  climate,  depths  of  not  less  than  twelve  feet. 

To  insure  puritj^  of  water,  so  far  as  protection  from  its 
own  products  is  concerned,  it  is  necessary  that  the  shallow 
watei-s  be  cut  off  by  embankments,  or  that  they  be  deep- 
entxh  or  that  their  place  be  supplied  by  clean  sand  or 
gravel  tilling,  raiseil  to  a  level  above  high  water.  It  is  fre- 
quently advisablt\  also,  that  the  shores  of  artificial  impound- 
ing n^st^noirs  of  moderate  extent  be  provided  with  an 
equivalent  for  the  natural  rip-rap  provided  by  nature 
around  natural  lakes. 

Eiuii  of  the  above  expedients  has  been  snccessfullj 
adoptinl  by  the  writer  in  his  own  practice. 

Fig.  7  is  an  illustration  of  the  revetment  of  stone  sur- 
n>umruig  the  n^stTvoir  of  the  Norwich,  Conn.,  water-works. 
The  n^servoir  in  this  ease  is  two  and  one-half  miles  out 
ti>im  the  city,  and  tills  the  office  of  both  a  gathering  and 
distributing  n^stTvoir,  for  a  gravitatiim  supply.  Itscircum- 
fenMiee  is  two  aiul  one-<|uarter  miles,  and  this  revetment 
pix>t<H*ts  tht»  shon^  of  the  entin*  circuit.    Its  height  abov^ 


Iiigh  water,  in  the  rtcinity  of  the  dam,  is  fonr  feet,  and  in 
the  upper  part  of  the  vallfv  tluve  feet. 

If  the  supplying  Btreanis  of  a  small  lake  bring  with  them 
much  vegetable  matter  in  suspension,  and  tlie  flow  reaches 
the  conduit  before  complete  clarification  by  mitural  pro- 
eCHHie  effected,  some  method  of  artificial  filtration  of  the 
'^(k  will  be  neceesaiy,  the  details  of  which  will  be  dit*- 
VimA  hereafter. 

135.  Natural  Clarification. — The  variou.'i  sources  of 
cbmiral  impregnation  to  which  waters  reaching  lakes,  iisii- 
aHj  lie  sabject,  whether  flowing  over  or  through  the  earth, 
Iwe  been  already  herein  discussed  (^  lOl,  tt  *ey.),  so  that 
pasoDs  of  ordinary  intelligence  and  information  may  detecit 
fc«,  and  form  a  tolerably  accurate  estimate  of  their  hanii- 
fBhien,  and  if  they  ought  to  be  considi-red  obji-i'tioimbh- 
■tw  fliey  are  to  be  gathered  in  a  lake  and  then-  ^nlijectiHl 
to  &e  prooesBra  in  Nature's  favorite  lalKiratory  of  purifi- 


Waten  flowing  in  the  brooks  from  the  woodtxl  liille  ar<I 
Aeaan^i  almoBt  ajways  come  down  to  the  lakes  highly 
cfeagidwiQi  the  coloring  matter  and  subetaiices  of  forvtl 
tai*»  amd  gnnea,  and  not  onfrequently  have  a  very  jier- 
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ceptible  reddish  or  chocolate  hue.  The  waters  are  soot 
relieved  of  these  vegetable  imparities  by  natural  procesBn 
^n  the  lake,  and  their  natural  transparency  and  speikle  is 
restored  to  them.  Sunlight  has  been  credited  with  a  strong 
influence  in  the  removal  of  color  from  water.  The  chemical 
transformation  already  begun  upon  the  hills  is  continued  in 
the  lake,  and  the  atmospheric  oxygen  aids  in  releasing  the 
gas<»s  of  the  minutely  subdivided  v^etable  products  pro- 
ducing tlie  cr)lor,  when  the  mineral  residues  have  sufficient 
spwific  gravity  to  take  them  speedily  to  the  bottom.  The 
winds  are  the  good  physicians  that  bring  the  restoring 
remedies. 

Ponds  and  lakes  often  receive  a  considerable  part  of 
tht^r  supply  from  springs  along  their  borders,  whose  waters 
have  receivcni  the  most  perfect  natural  clarification.  Such 
8i)rings,  from  quartzose  earths,  yield  waters  of  the  most 
d(»sinible  qualities. 

Mid.  Great  Lakes.— When  lakes,  on  a  scale  of  great 
inland  seas,  like  tliose  lining  our  northern  boundary,  upon 
which  gr(»at  marts  of  trade  ai'e  developing,  are  at  hand, 
many  of  the  above  supposed  conditions  belonging  to 
smaller  lakes  and  ponds,  are  entirely  modified. 

In  such  castas  the  cities  become  themselves  the  worst 
]K)lluters  of  the  pure  wafers  Ijing  at  their  borders,  and 
thry  are  obliged  to  push  their  draught  tunnels  or  pipes 
l»<  in'alh  the  A\aters  far  out  under  the  lakes  to  where  the 
wafrr  is  und(»filed. 

This  systtMu  was  inaugurated  on  a  great  scale  by  Mr. 
r.  S.  ('h('(»sl)oro,  O.E.,  for  Chicago,  and  followed  by  the 
I  lip     of  ('I(»v(»land,  Buffalo,  and  with  submei^ged  pipe  by 

M)l\v;nikr('. 

■ 

i;i5.  DimmI  liJikos.— Tlio  waters  of  the  Sinks,  or  Dead 
L.j|i  -  of  iUr  Utah,  N(»vada,  and  southern  California,  Oreat 
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Desert,  from  which  there  are  no  visible  oatlets,  are  notable 
exct'ptions  to  general  couditiona  of  lake  waters.  Here  the 
saltr;  gathered  by  the  inflowing  waters,  for  centuries,  which 
evaporating  rapors  can  not  carry  away,  have  been  accu- 
rtiulating,  till  the  waters  are  nauseating  and  repugnant. 

The  skill  of  the  well-borer  mast  aid  civilization  whr-r 
iliL'se  desert  regions  are  to  become  generally  inhabitable. 

RIVER   \VATERS. 

138.  Metropolitan  Siiiiplies.— Rivers  are  of  necessity 
llie  final  resort  of  a  majority  of  the  principal  cities  of  the 
world  for  their  public  water  supply.  The  volume  of  water 
daily  required  in  a  great  metropolis  often  exceeds  the  com- 
hbed  capacity  of  all  tlie  springs,  brooks,  and  ponds  within 
aci-essible  limits,  and  supplies  from  wells  become  impos- 
sible  because  of  lack  of  capacity,  excessive  aggregate  cost, 
and  the  sickening  character  of  their  waters. 

Since  rivers  occupy  the  lowest  tlireads  of  the  valleys  in 
^liii'h  they  flow,  their  surfaces  are  lower  than  the  founda- 
•ious  of  the  habitations  and  warehouses  along  their  banks. 
Their  waters  have  therefore  usually  to  be  elevated  by 
power  for  delivery  in  the  buildings,  the  expense  of  conduct- 
'"g  llii'ir  waters  fi-om  their  sufflciently  elevated  sources  being 
gruatiT  far  than  the  capitalized  coet  of  the  artificial  lift 
iiearer  at  liand. 

The  theories  by  which  Ihe  minimum  flow  of  the  stream 
(^  53),  and  the  maximum  demand  for  8Upi)ly  {|  19),  are 
detnrmined  and  compared  have  been  already  herein  dis- 
^'isRed ;  po  we  now  assume  that  the  supplies  have,  after 
Pfoppr  investigation,  been  d.-termined  ample,  and  also  thai 
thp  geological  stnicturp  (§  lOG)  of  the  drainage  area  is  found 
'o present  no  impregnating  strata  precluding  the  use  of  its 
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waters  for  domestic  and  commercial  purposes,  or  in  tbe 
chemical  arts. 

139.  Harmless  and  Beneficial  Inipregrnationfi.- 

The  natural  oi^ganic  impurities  of  rivers  are  seldom  other 
than  dissolving  vegetable  fibres  washed  down  from  forests 
and  swamps,  and  these  are  rarely  in  objectionable  amount; 
and  the  natural  mineral  impurities  in  solution  are  usually 
magnesia,  common  salt  lime,  and  iron,  and,  in  suspension, 
sand  and  clay.  The  lime,  sand,  and  clay  are  easily  detect- 
ible  if  in  objectionable  amount,  and  the  renmiiiing  natural 
mineral  impregnation  are  quite  likely  to  be  beneticial 
rather  than  otherwise,  since  they  are  required  in  drinking 
water  to  a  limited  extent  to  render  them  ])alatable,  and  for 
promotion  of  the  healthy  activity  of  the  digestive  organs, 
and  the  building  up  of  the  bones  and  muscles  of  our  bodivs. 

140.  Pollutions, — We  reiterate  that  it  is  the  artifclol 
im  pur  it  It  v  that  an*  the  bane  of  our  river  waters.  Manufac- 
torios,  villages,  towns,  and  cities  spring  up  upon  the  river 
hanks,  and  their  n'fus*\  dead  animals,  and  sewage  an' 
duiujHil  into  the  running  stn^ams.  making  them  foul  potions 
of  ]uitn^faotion  and  dt^stniction,  when  they  should  flow  clear 
and  whoU^sotno  aocordinc:  to  the  natural  laws  of  their  cna- 
tion  and  ]>n*stTvation. 

111.  Saiiitar>  l>iseiissions. — The  prolific  discussion 
\\\Mm  tho  s;iniiarv  condition  of  the  water  of  the  river 
Thanu^s,  Enirland,  sinoo  the  n^ix>rt  of  the  Royal  Commis- 
sion of  lv^V>,  has  bi\>nirht  out  a  variety  of  conflicting  opin- 
ions in  n^gjml  to  the  t^thoienoy  of  natural  causes  to  destroy 
Si'\va;rt»  iini>nrities  in  wator. 

AlH>nt  t>no-half  tlu^  ]H>pnlation  of  London,  or  one-half 
million  |M^rst>ns,  iTvrivtHl  tluir  domestic  water  supply  from 
A\o  nnuno>  in  lv^7J>,  TluMlnnnagt^  area  above  the  pump- 
iui:  statii>ns  is  alH>\u  :V>7r>  si|\ian*  miles,  and  the  minimuu) 
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summer  flow  is  estimated  to  be  about  350,000.000  imperial 
trallons  daily,  and  of  tlua  tiow  about  15,000,000  galloDs  ia 
pumped  daily  by  the  water  compauies.  L'pou  the  Tliauies 
watershed  above  the  pumpiug  statious  there  resides  a  popu- 
lation of  about  1.000,000  persons,  including  three  cities  of 
over  25,000  persons  eacli,  three  cities  of  from  7000  to  10,000 
persons  i-ach,  and  many  smaller  towns  and  villages,  Tlie 
whole  of  the  river  and  its  principal  tributaries  are  under 
the  strictest  sanitary  regulation  which  the  government  is 
able  to  enforce,  notwitlistanding  which  a  great  mass  of 
sewage  ia  poured  into  the  sti-eam. 

Yet  it  is  claimed  by  eminent  authority  that  the  Thames 
water  a  short  distance  above  London  ia  wholesome,  pala- 
tahV.  and  agreeable,  and  safe  for  domestic  use. 

A  remark  by  Dr.  H.  Letheby,  medical  officer  of  liealtli 
for  the  city  of  London  until  liis  decease  in  the  spring  of 
1876,  gives  a  comprehensive  summary  of  the  argument  iu 
favor  of  tlje  Thames  water,  viz. :  "  I  have  arrived  at  a  very 
dwided  concluaiim  that  sewage,  when  it  is  mixed  with 
twenty  times  its  volume  of  running  water  and  has  flowed  a 
"listauce  of  ten  or  twelve  miles,  is  absolutely  destroyed : 
^e  agents  of  destruction  being  infusorial  animals,  aquatic 
plants  and  fish,  and  chemical  oxydation," 

Several  eminent  chemists  testify  that  analyses  detect  no 
'^(-'1-'  of  the  sewage  in  the  Tliaraes  near  London.  Sir  Benja- 
"lin  Broodie,  Professor  of  Chemistry  in  the  University  of 
^foni,  remarked  in  liis  testimony  upon  the  London  water 
supply:  "I  should  rely  upon  the  dilution  quite  as  much, 
I'ltl  more,  than  upon  the  destruction  of  the  injurious 
matter. 

Dr.  C.  F.  Chandler,  President  of  the  New  York  Board 
of  Health,  and  Professor  of  Chemistry  in  the  Scliool  ot 
"iiies,  Columbia  College,  has  in  his  own  writings  quoted 
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many  eminent  authorities,*  with  apparent  indorsement  <^ 
their  cunclusioiiu,  suppoiliug  tlie  theory  of  the  whole^uW' 
nt'88  and  BuJ'bty  of  tlie  Tliauieu  water  as  a  domestic  sapplt 
for  tile  city  of  LioiidoL. 

143.  IiuulmiNHilile  Polliitlugr  Liquids.— The  Pat- 
lianii'utaiy  Rivers  Pollution  Committee,  n'heu  iuTestigatiii| 
the  subject  of  the  discharge  of  manufacturing  refuse  and 
Bewage  into  the  English  riwr«,  Mersey  and  Kibble,  and  tbA 
possibility  of  the  deodorization  and  cleansing  of  the  refuse 
"by  methods  then  available,  suggtst^'df  tliat  liquids  coii- 
tainiiig  impuiHties  etjual  to  or  in  excess  o{  the  limiting  quan- 
tity defined  by  Prof.  FraTikland  {vide  %  V*:i,  p.  137),  h- 
deemL-d  polluting  and  inadmissible  into  any  stream. 

14;t.  Pr(M*«iitii>niiry  Views.  —  On  tiie  other  hand, 
many  piiysicians,  clicmistt*.  and  engiiiter^i.  whose  scitDtilif 
attainments*  give  to  Uieir  njHnions  great  wright,  empliatically 
prutest  against  the  adopfion  or  use  of  a  source  of  domei-tic 
water  Bupj)ly  that  is  at  all  subject  to  contuuiination  by 
sewage  or  putitifying  organic  matters  of  any  kind. 

There  ai-e  certain  laws  of  nature  that  liuve  for  tlieu 
object  the  preservation  of  human  life  to  its  ap[>oiuted  n* 
tnrity,  which  we  term  instinct,  as,  for  Instance,  involuutsi^ 
grasping  at  a  support  to  save  from  a  thivateiied  fall ;  invoV- 
untary  raising  the  arm  to  protect  the  eye  or  head  from  i 
blow ;  involuntary  sudden  withdrawal  of  the  body  from 
contact  with  a  hot  substance  that  would  burn.  Tliere  is  atao. 
ftii  Instinctive  repugnance  to  receiving  any  exerementitions 
or  putrefying  animal  siibstanr*-,  or  anything  that  the  eye  or 
autimi  of  smell  decides  to  be  noxious,  upon  the  tongai 
UiUt  (he  nyfttem.  It  is  not  safe  to  overlook  or  subdue  th« 
Mlluml  instincts  created  within  ua  for  our  presri-vation. 


•  ('..bllr  Hmllli  PRpere  of  American  PiiUlic  llraltli  iVsaociatioi 
(  KIW  Hrp-m.     II,  P,  C,  18M.  vnl.  i,  p.  180. 
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Following  are  a  few  opiiiioas  supporting  tlie  cautionary 
3  of  ttie  question : 

'  Ex<«?pt*  in  rare  cases,  water  which  holds  in  solution  a 
rceptible  proportion  of  oi^anic  matter  becomes  sonri 
d,  and  acquires  qualities  which  are  deleterious.  It  is 
lent  that  diarrhcca,  dysentery,  andotlieracnteorchi'onic 
■ctiooB  have  been  induced  endemically  by  the  rontiiiiipd 
I  of  water  holding  organic  matter  in  large  proportions, 
r  in  solution  or  in  suspension.  It  is  admitted,  as  tlie 
restdt  of  universal  observation,  that  the  less  the  quantity  of 
oi^nic  matter  held  by  tlie  water  we  drink,  the  more  whole- 
some it  is." 

"Not  one  has  conclusively  shown  that  it  is  safe  to  trust 
to  dilution,  storage,  agitation,  filtration,  or  periods  of  time. 
for  the  complete  removal  from  water  of  disease-prod ueing 
elements,  whatever  these  may  be.  Chemistry  and  micro- 
scopy cannot  and  do  not  claim  to  pmve  the  absence  of  tliese 
elements  in  any  specimen  of  drinking  wat^^r." 

"It  J  is  a  well-received  fat^t,  that  decomjKJsing  animal 
matter  in  drinking  water  is  a  fertile  producer  of  into:  tinal 


Dr.  Wolf  (in  Der  Untergrnnd  und  das  Trinkwassor  der 
S^ite,  Erfurt,  1873)  gives  a  large  number  of  cases,  wiiich 
prove  conclusively  that  "bad  water  produces  diarrhtca, 
and  can  propagate  dysentery,  typhoid  fever,  and  cholera, 
and  that  such  water  is  frequently  clear,  fresh,  and  very 
agreeable  to  the  taste." 

Dr.  Lyon  Playfair,  of  London,  remarks :  "  The  effect  of 


•  BoulMD  &nil  Bondet.    Annual  of  Prench  Waters,  1801. 


1  Report  o(  Medical  ConimiHtiion  on  Additinniil  Wator  Supply  for  Boeton, 
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^B      +  Testimuny  o(  Dr.  B.  A.  Bmith  before  tlie  Royal  CommiMmn  •>(  Water 
^Htepplv  of  London. 
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organic  matter  in  the  water  depends  veiy  much  upon  tiie 
character  of  that  oiganic  matter.  If  it  be  a  mere  Tt^taUe 
matter,  such  as  comes  from  a  peatjr  dirtricty  even  if  the 
water  originally  is  of  a  pale  sherry  color,  on  being  exposed 
to  the  air  in  reservoirs^  or  in  canals  leading  from  one  reser- 
voir to  another,  the  v^^table  matter  gets  acted  apon  br  the 
air  and  becomes  insoluble,  and  is  chiefly  deposited,  and 
what  Domains  has  no  inflaence  on  health.  Bat  where  the 
organic  inatti^r  comes  from  drainage,  it  is  a  most  formid- 
able ingnHlient  in  water,  and  is  the  one  of  all  others  that 
ought  to  be  hxiked  ufK>n  with  apprehension  when  it  is  from 
the  refu^'  of  animal  matter,  the  drainage  of  large  towns, 
the  drainage  of  anv  animals,  and  especially  of  homan 
beinirs." 

Tlu^  Massachusetts  State  Board  of  Health,  in  their  fifth 
annual  n*iH>rt,  remarking  upon  the  joint  use  of  watercourses 
for  st^^wt'Fs  and  as  sources  of  water  supply  for  domestic  use, 
rv»nKirk<:  '-We  lv»lieve  that  all  such  joint  use  is  to  be 
d»'{>nt'at»\l Tlu*  imjKirtanc**  of  this  matter  is  under- 
rated f«»i-  two  DL^asoiis:  tirst,  V^tiuse  of  the  oft-repeated 
assfiti^'M,  uiado  on  tlu'  authority  of  Dr.  Letheby,  *'that  if 
s^^\Na-:»  -!!iatt«'r  K'  mix^n.1  with  tw^ntv  times  its  bulk  of  ordi 
iiarv  I'v.  r  wutor.  and  tl«nv  a  doz^»n  miles^  there  is  not  a 
jvitti''.'  .>:'  t'.at  >*^wai:e  t<:  K^  liiscovered  by  chemica& 
ni»' ui^  f  sivoTidly,  Nsaus*^  of  tlb*  tV^^ling  tliat  to  be  in  any 
wiiy  {>n»judi<ial  to  l^-iltli.  a  wat^T  must  contain  enough 
:riinial  !iiatr«'r  r.»  b»^  r»v»^cniz^*1l  n-adily  by  chemical  tests — 
onvMiirh,  i':  tiii-r.  ro  K>  »\vrv^>st^l  [n  tigures/* 

111.  SiHHulative  loiidition  of  the  Pollntion 
ijuestioii.  Sanitarv  wririiic^  have  abounded  with  dis- 
russi»^u<  of  r{ii>;  <ubi»vr  vhiririg  tl:o  last  decade;  still,  look- 
iiti:  brradlv  omt  th**  tU'M  of  dis^'ussion,  it  is  evident  thaf 
xhv   Iwd'uvj:  n\K\Vu-ii\    and  oiioniioal  authorities  have  uo(^ 
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^Btt^  upon  the  limit  for  any  case,  or  class  of  cases,  when 

^^au-r  becomea  noxious  or  harmful. 

Some  of  the  consumers  of  the  waters  of  the  Thames  in 
Euglaatl  and  of  the  Mystic  and  Charles  rivers  in  New  Eng- 
land, liavi-  evinced  a  remarkable  faith  in  the  toughnees  of 
human  constitutions. 

The  M"hole  subject  of  water  contamination  remains  as 
yet  rather  physiologically  Bi)eculative  than  chemicjilly  ex- 
art.  It  is  earnestly  to  be  desired  that  the  present  experi- 
mental prartice  upon  liunian  constitutions,  so  costly  in 
infantile  life,  may  soon  yield  a  sufficiency  of  conclusive 
statistics,  or  that  science  shall  soon  imveil  the  subtle  and 
mysteriouB  chemical  properties  of  organic  matters,  at  least 
!*<)  far  as  they  are  now  concealed  behind  recombinations, 
reactions,  and  test  solutions. 

145.  SimntuinMniM  I*iirififation. — The  river  courses 
an-  the  natural  drainage  channels  of  the  lands,  and  it  can- 
nnt  but  be  expected  tiiat  a  considemble  bulk  of  refuse,  from 
populous  districts,  will  find  its  way  to  the  sea  by  these 
eliunnels,  however  strict  the  sanitjiry  regulations  for  the 
jireservatiou  of  the  purity  of  the  streams.  Therefore  it  is  a 
matter  of  high  scientific  interest,  and  in  most  cases  of  gn-at 
hygienic  and  national  imjx)rtance,  to  determine  what  pro- 
pt)rtion  of  the  organic  refuse  is  destroyed  beyond  the  possi- 
bility of  liaiTii  to  animals  that  drink  the  water,  by  spon- 
taneous decomposition,  and  what  proportion  remains  in 
solution  and  suspension. 

In  ordinary  cnlinarj-  and  chemical  pi-ocesses  we  find 
that  temperature  has  an  important  influence  upon  the  dis- 
solving pmpertj'  of  water.  Water  of  temperature  below 
6()^  Fab.  dissolves  meat$.  vegetables,  herbs,  sugar,  or  guni. 
slowly,  comparatively,  and  a  cold  atmosphere  does  not  pi-o- 
mote  decomposition  of  organic  matter.     We  therefore  infer 
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that  a  temperatore  of  both  atmuspbere  and  water  as  )i 
or  nearly  as  higli,  as  60°  Fah.  are  required  to  promote 
rapid  oxydation  of  the  organic  impurities  in  wat^r.  In 
winter  the  process  mnst  proceed  slowly,  and  if  the  strfam 
is  covered  by  ice,  be  abnost  suspended.  Ablation  of  the 
water  Ls  absolutely  essential  to  the  long-maintained  pro- 
o«a8  of  oxydation,  in  order  that  tlie  water  may  continue 
chained  with  the  necessary  bulk  of  oxygen  in  solution ; 
therefore  weirs  across  the  stream,  roughness  of  the  bed  and 
banks  of  the  stream,  and  rapidity  of  flow  are  essential  ele- 
ments in  rapid  oxydation. 

Dr.  Sheridan  Muspratt  remarks,*  in  respect  to  this  spou- 
taneoas  purilication  of  river  waters  coutainiug  organic  mat- 
ters :  "As  a  general  rule,  the  carbon  unites  with  oxygen  to 
form  carbonic  acid  ;  and  with  tiydrogen  to  form  marsh  gas 
or  carbide  of  hydrogen  ;  hydrogen  and  oxygen  unite  to 
form  water ;  nitrogen  and  oxygen  with  hydrogen  to  form 
nmraonia  ;  sulphur  with  liydrogen  to  form  sulphide  of  hy- 
drogen ;  phosphorus  with  hydrogen  to  form  phosphide  of 
hydrogen. 

"The  latter  two  are  exceedingly  offensive  to  the  sense  of 
em'-ll,  and  are,  raoi-eover,  highly  ]H)ir.onous.  Thus  in  tlie 
spontaneous  decomposition  of  the  organic  mattt>r  nnitained 
in  water,  there  are  produced  carbonic  acid,  carbide  of  hy- 
drogen, ammonia,  sulpliide  of  hydrogen,  and  phosphide  of 
hydrogen.  These  are  the  recognized  compounds  j  but  wlieo 
it  is  borne  in  mind  that  the  gaseous  emamUio/in  of  decora- 
posing  animal  matters  are  infinitely  more  offensive  to  the 
R  'nsi'  of  smell  and  injurious  to  health  than  ariy  of  the  gaaea 
above  mentioned,  or  of  any  combination  of  them,  it  caa 
only  bfi  concluded  that  the  effluvia  of  decaj-ing  organio 
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alter  contains  otber  constituents,  of  wliicli  tlie  tnie  chiir- 
pcf*?r  lias  not  yet  been  detwrminftl."  Tills  clieuiical  pirn- 
atioii  is  assisttd  hy  vegetal  absorption  and  aninialculine 
ibnsumption. 

140.  -;Vrtiticiiil  Clarification.— While  water  Bubj(.-cted 
at  ail  to  organic,  especially  drainage  or  animal  impujitics, 
should  be  avoided,  if  possible,  for  domestic  consumption, 
it  should,  on  tlie  otlier  liand,  wlien  necessarily  submitted 
to,  be  clarified  before  use,  of  its  solids  in  suspension,  by 
precipitation,  deposition  in  storage  or  settling  basins,  or  by 
one  of  the  most  thorough  processes  of  filtration. 

147.  A  Sugar  Test  of  the  Quality  of  Wat«r.— The 

Pharmaceutical  Journal  qnotea  Heisch's  simple  sugar  teat 

for  water,  as  follows ; 

L      "Good  water  should  be  free  from  color,  unpleasant 

ftdor  and  taste,  and  should  quickly  afford  a  good  latlier 

Hrith  a  small  proportion  of  soap. 

W  *'If  half  a  pint  of  the  water  be  placed  in  a  clean,  color- 
"fcas  glass-stoppered  bottle,  a  few  grains  of  the  best  white 
Itunp-sugar  added,  and  the  bottle  fi-eely  exposed  to  the  day- 
light in  the  window  of  a  warm  room,  the  liquid  should  not 
become  tnrbid,  even  after  exposure  for  a  week  or  ten  days. 
If  the  water  becomes  turbid,  it  is  open  to  grave  suspicion 
of  sewage  contamination ;  but  if  it  remain  clear,  it  ie 
almost  certainly  safe. 
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Flow  of  Water  through  Sluices,  Pipes  and  Channels. 

H      148,  Si>ecial  Cliiiraeteri«ticH  of  Water. — If  we  con- 

Snder  those  qualities  of  water  tliat  liave  reference  to  its 

weigM,  \ts  j/refisute,  and  its  motta/i,  we  sliall  observe,  efpe- 

cially:  That  the  volume  of  the  liquid  is  composed  of  an 

iimen,se  number  of  minute  partichs/  that  each  particle 

as  weight  iji.diT,idnally ;  that  each  particle  can  receim 

i  transmit  the  effect  of  weight,  in  the  form  of  pressure., 

■  all  directions;  and  that  the  particles  move  past  and 

X  eack  other  with  rerg  slight  resistance. 

We  ai-e  convinted  by  tlie  sense  of  touch  tliat  the  parti- 

des  of  a  Ixnly  of  water  aru  mimite,  and  have  very  little 

'  cohesion  among  themselves  or  friction  upon  each  other, 

when  we  put  our  hand  into  a  clear  pool  and  find  that  the 

particles  neparate  without  appreciable  resistance;  and  also 

by  the  sense  of  sight,  when  we  see  fishes  and  insects,  and. 

with  tlie  aid  of  the  micmscope,  the  tiny  infusoriEe,  moving 

m   rapidly  through  the  water,  withont  apparent  effort  greatei 

hlhan  would  be  required  to  move  in  air. 

I- " 
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149.  Atomic  Theory. — Ancient  records  of  scientifia 
research  inform  us  that  the  study  of  the  divisibility  aod 
nature  of  the  particles  of  matter  occupied,  long  ago,  the 
most  vigorous  minds.  It  is  twenty-two  centuries  since 
Deraocritus  explained  the  atomic  theory  to  liis  fellow- 
citizens,  and  taught  them  that  particles  of  matter  an^  cajia- 
ble  of  subdivision  again  aud  again,  many  times  beyond  tlia 
limit  perceptible  to  human  senses,  but  tliat  finally  the  atom 
wUl  be  reached,  which  is  indivisible,  the  unit  of  matter. 
Anaxagoras,  the  teacher  of  Socrates,  maintained,  on  t!ia 
contrary,  that  matter  is  divisible  to  infinity,  and  that  all 
parts  of  an  inorganic  body,  to  infiniti^  subdivision,  are  simi- 
lar to  the  whole.  This  latter  theory  has  not  been  generally 
accepted.  The  whole  subji?ct  of  the  nature  of  matter,  in  its 
various  conditions,  forms,  and  stages  of  progress,  lias  main- 
tained its  intei-est  through  tlie  succeeding  centuries,  and  ia 
to-day  a  favorite  study  of  philosophers  and  theme  of  dis- 
cussion in  lecture  halls. 

150.  Molecular  Theory. — Modem  research  has  dem- 
onstrated that  the  unit  of  water  is  composed  of  at  least  two 
different  substances,  and  tlierefore  is  not  an  atom.  The 
unit  is  termed  a  molecule,  and,  according  to  the  received 
doctrine,  tlie  foundation  of  each  molecule  of  water  is  two 
molecules  of  hydrogen  and  one  molecule  of  oxygen.  Tliese 
latter  molecules  may  possibly  be  ultimate  atoms. 

The  theory  is  advanced  tliat  each  molecule  of  water  ia 
surrounded  by  an  elastic  atmosphei-e,  and  by  a  few  that  it 
is  itself  slightly  elastic. 

Sir  William  Thompson  estimated  that  between  five  hun- 
dred millions  and  five  thousand  millions  of  the  moleicnlea 
of  water  may  be  placed  side  by  side  in  the  space  of  one 
linea!  inch.  To  enable  us  to  detect  tlie  outline  of  one  of 
these  molecules,  our  most  powerful  microscope  nm^t  have 
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^Hb  maguifjing  power  moltiplied  as  many  times  again,  or 
^sqaai-ed. 

A  film  of  water  flowing  tlimugli  an  orifice  oni'-luindredth 
of  an  inch  deep,  or  about  tlie  tliicknees  of  this  leaf,  would 
bf,  according  to  the  above  estimate,  from  five  to  fifty  rail- 
lion  molecule  diainetei's  in  depth.  It  is  impossible  to  com- 
prehend so  infinitesimal  a  magnitude  as  the  diameter  of  rmr 
i>r  these  molecules,  so  we  shall  be  obliged  to  imagine  them 
tio  many  times  magnified  as  to  resemble  a  mass  of  transpa- 
rent balls,  like  billiard  balls,  for  instance,  or  stmUar  spheres, 
and  to  consider  them  while  so  magnified. 

151,  Infliioiiee  of  Caloric. — There  is  also  a  theory, 
very  generally  accepted,  that  the  molecules  of  water,  more 
especially  their  gaseous  constituents,  are  constantly  subject 
lo  the  influence  of  caloric,  the  cause  of  lieat,  and  are  in 
consequence  In  incessant  compound  motion,  both  vibratory 
and  progresave,  and  that  they  are  constantly  moving  past 
eauh  other,  progressing  with  wavy  motion,  or  are  rebound 
ing  against  each  other,  and  against  their  retaining  vessel, 
VL      This  motion  may  be  partially  illustrated  by  the  motion 
Htif  a  great  number  of  smooth,  transparent,  elastic  balls,  in  a 
a  vessel  when  the  vessel  is  being  shaken.     It  may  be  dem- 
onstrated by  placing  a  drop  of  any  bnlliant  colored  liquid, 
for  which  water  has  an  affinity,  into  a  vessel  of  quiet  water, 
►    ■when  the  drop  will  be  gnidimlly  diffused  tliroughout  the 
^nrhole  mass,  showing  not  only  that  among  the  molecules  of 
*  -  colored  liquid  there  is  activity,  but  that  certain  of  the  mole- 
cules before  in  the  vessel  plunge  into  and  through  the  drop 
from  all  sides,  dividing  it  into  parts,  and  its  ]mrt8  again 
int«  other  parts,  until  the  particles  are  distributed  throngh- 
Ut  the  mass. 

While  the  molecules  are  arranged  in  crystalline  form, 
Biey  require  considerably  more  space  tlian  when  in  liquid 
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form,  and  there  are  a  less  number  of  them  in  a  cubic  inch; 
therefore  a  cubic  inch  of  ice  weighs  lesa  than  a  cubic  inch  1 
of  water. 

13a.  Relative  Densities  and  Volumes. — The  rela- 
tive changes  in  weight  and  volume  of  water  at  different  I 
temperatures  are  ahown  graphically  in    Fig.    8.      WTien  1 


weight  ie  maintained  constant  and  the  temperature  of  the 
water  is  increased  or  decreased,  the  colume  will  change  as 
indicated  by  the  solid  lines.  When  Tolvme  is  maintained 
constant  and  tlie  temperature  increased  or  decreased,  the 
weight  will  cliauge  as  indicated  by  the  dotted  linea. 


\VE1GHT    OF    WATER. 

153.   Weight  of  (^oiistitiieiits  of  Water.— Water  is 

substantially  the  result  of  the  union  (§  150)  of  two  volnraes 
of  hydrogen,  having  a  specific  gravity  equal  to  0.0689,  and 
one  volume  of  oxygen,  having  a  specific  gravity  equal  to 
1,102  ;  but  various  othtT  gases  that  come  in  coatact  with 
this  combination  an^  readily  absorbed. 

Bulk  for  bulk,  the  oxygen  is  sixteen  times  heavier  than 
the  hydrogen.  Water  at  its  greatest  density  is  about  eight 
hundred  and  fifteen  times  as  heavy  as  atmospheric  air. 

The  density  of  the  vapor  or  gases  enveloping  the  liquid 
molecules  is  greatest  at  a  temperature  of  about  39°.2  Fah. 
At  this  temperature  the  greatest  number  of  molecules  is 


)f  molecules  is 
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contained  in  one  cubic  inch,  and  the  greatest  weight  for  a 
given  volume  obtains. 

Aa  the  temperature  of  water  rises  from  39.9°,  its  gaseous 
elements  expand  and  are  supposed  to  increase  their  activity  ; 
and  a  less  number  of  molecules  can  be  contained  in  a  cubic 
inch,  or  other  given  volume ;  therefore  the  weight  of  water  de- 
creases as  the  temperature  rises  from  39.2°  Fah.  (cide  Fig.  8.) 

154.  Crystalline  Forms  of  Witter. — As  the  temj>er- 
ature  falls  below  39.2^  Fah.,  the  molecules,  under  one  at- 
mosphere of  pressure,  incline  to  airange  themselves  In 
crystalline  form,  their  action  is  supposed  to  bo  nioi-e  vibra- 
tor)' and  less  progressive,  and  they  become  ice  at  a  teniper- 
atnre  of  about  32°  Fah. 

The  relative  weights  and  volumes  of  distilled  water  at 
different  temperatures  on  the  Falirerdieit  scale  are  shown 
numerically  in  tlie  table  on  the  following  j)age. 

Althougli  tliere  is  a  sliglit  difference  In  the  results  of 
experiments  of  the  best  investigators  in  their  attempts  to 
obtain  the  temjwrature  of  water  at  its  maximum  density,  it 
is  commonly  taken  at  39.2°  Fah.,  and  the  weight  of  a  cubic 
foot  of  water  at  this  temperature  as  62.425  pounds,  and  tite 
weiglit  of  a  United  Stat*>8  gallon  of  water  at  tlie  same  tem- 
perature as  8.379927  pounds. 

155.  Formula  for  VoluntcH  at  Different  Temper- 
atnres.— The  tables  of  veights  and  volumes  of  water  is 
i-xtended,  with  int^^rvals  of  ten  degret^s,  to  the  extreme  limits 
within  which  hydraulic  engineers  have  usually  to  experi- 
ment. The  intermediate  weights  and  volumes  for  inter- 
mediate temperatures,  may  be  readily  interpolated,  or 
reference  may  be  had  to  the  following  formulas  taken  from 
Watt's  "Dictionary  of  Chemistry,"  combining  the  law  of 
expansion  as  determim-d  by  exxMjrimenta  of  Matthiesseo, 
Sorby,  Kopp,  and  Rossetti. 
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TABLE     No.    88. 

Weight  and  Volume  of  Distilled  Water  ai  Differott 

Temperatures. 


RaUo  of  ▼ohime  to 

1 

Tempermture 
Fah. 

Weiffht  of  a  cu. 
ft.  m  pounds. 

57.200 

Tolnme  of  equal  wL 

at  max.  deni&ity  of 

temperature, 

39.a»  Fah. 

i 

1      Diihiwioa, 

1 

Ice. 

• . .  • 

.916300 

1 

1 

•   ■   •    ■ 

3=*'  o 

62.417 

5217 

I .000129 

.  083829 

39-2 

62.425 

.008 

I  .  CCOOOO 

.000129 

4o^ 

62.423 

.002 

I  . 000004 

.000004 

50° 

62 .409 

.014 

I .000253 

.000249 

6o° 

62.367 

.042 

,        I.OCO929 

.000676 

70° 

62.302 

.065 

I.OOI981 

.001052 

80° 

62.218 

.084 

1.00332 

.001339 

90° 

62. 119 

.099 

I . 00492 

.00160 

100 

62 .000 

.119 

1         I . 00686 

.00194 

110° 

61    867 

•133 

I . 00902 

.00216 

0 

61.720 

.147 

I.OII43 

.00241 

(1 

;    61.556 

.164 

I .01411 

.00268 

140° 

61.388 

.168 

1         I. 01690 

.00279 

'5^1 

61 . 204 

.184 

I. 01995 

.00305 

160° 

6 1 . 007 

.197 

1.02324 

.00329 

170° 

60 . So I 

.206 

;      1. 0267 1 

•00347 

180° 

60.587 

.214       , 

I  03033 

00362 

190' 

60 . 366 

.221        1 

I  03411 

.00378 

200^ 

60   136 

•  230       1 

1 .03807 

•  00396 

0 
210 

59  «94 

.242        , 

I .04226 

.C0419 

212"^ 

59  707 

187 

1.04312 

.  OOO.S6 

I^et  V=  ratio  of  n  plxi^n  volume  of  distilled  water,  at  the 
tem]x»nituiv,  T,  011  Faliivniieif  a  scale,  to  the  volume  of  an 
equal  wc^ijrlit,  at  tin*  ti^nijuTature  <»f  maximum  density. 

AV=  wei^rlit  of  a  cubic  foot  of  distilled  water,  in  poondSi 
at  any  tt^iiiperature,  Falir(*nhoit. 

For  temperatures  82"  to  70*  Fah. 

V=  1.00012  -  0.000088014  x  (T  -  32)  +  0.000028822  X 
(T  -  32)'  -  0  (KKK)000064()3  (T  -  -  82)*. 
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For  LemperatuTCB  above  TO". 
V  =  0.99781  +  0  00006117  x  (T  —  32)  +  0.00000ia')9  y 


63.425 
V 
156.  Weight  of  Pond  AVater.  —  Fresh  pond  aad 
■ok  waters  are  slightly  heavier  than  distilled  water,  and 
ten  not  loaded  with  sediment  have,  for  a  given  volume, 
1  increaiiii'd  weight  equal  to  from  0.00005  to  0,0001  of  an 
Iqual  volume  of  distilled  water. 

15".  C'oiiipressibiUty  auci  Elasticity  of  Water.— 
"he  compression  of  rain-water,  according  to  experimental 
results  of  Canton,  is  O.(X)0()46  and  of  sea-water  O.tXXHMO  of 
its  volume  under  the  pressure  of  oul'  atmosphere. 

According  to  e-tperinients  of  Regnanlt,  water  suffers  a 
diminution  of  volume  amoimting  to  4R  parts  in  one  million, 
when  submitted  to  the  pressure  of  one  atmosphere,  equal  to 
14.75  ]>onnds  i)er  square  inch,  and  to  96  parts  when  sub- 
mitted to  twice  that  pressure. 

Grassi  found  the  compi-essibility  of  water  to  be  50  parts 
at  37"  Fah.,  and  44  parts  at  127'^  Fah.  in  ea^h  million 
parts,  with  one  atmosphere  pri'ssnre. 

A  column  of  water  100  feet  high  would,  according  to 
these  estimates,  be  compressed  nearly  one-sixtef'ntli  of  an 

The  degree  of  elasticity  of  fluids  was  discovered  by  Can- 
1  tcm  in  1762.  He  jiroved  that  the  volume  of  liquids  dimin- 
i  islied  sliglitly  in  bulk  under  pressure  and  proportionally 
mfo  the  pressure,  and  recovered  their  original  volume  when 
■  the  pressure  ceased- 

This  has  been  confirmed  by  experiments  of  Sturm, 
l-(Ersted,  Regnault,  and  others. 
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PRESSURE    OF   WATER. 

158.  Weights  of  Individual  Molecules.— If  again 
we  consider  tlie  molwales  of  water  magiiitied,  as  before  t-s- 
plained,  we  can  conceive  that  eiwh  molecuie  has  its  indi- 
Dtdual  weight,  and  is  subject,  i/id^peiide/itiy,  to  theforn 
qf  gramty.  Consider  again  tlie  tilm  of  water  of  one-tiuii- 
dredth  of  an  inch  in  depth,  flowing  through  the  orifice  of 
same  depth,  and  imagine  the  oritico  to  be  magnified  also  in 
the  eame  proportion  as  the  molecules  have  been  imagined 
to  be  magnified,  that  is,  to  five  million  molecule  diameters; 
then  the  immense  leverage  that  gravity  has,  iiroportionallr. 
upon  each  molecule  to  set  it  in  motion  and  to  press  it  out 
of  the  orifice  can  be  conceived,  and  the  reason  why  there  is 
apparently  so  little  frictional  resistance  to  tlie  passage  of 
the  molecules  over  each  other  will  be  apjiarerit. 

159.  Iiidividnal  Molcrulai*  Actioun. — The  magnified 
molecule  can  also  be  conceived  to  be  acting  independently 
upon  any  side  of  its  retaining  vessel,  or  upon  anj'  othfr 
molecule,  with  which  it  is  in  contact,  with  the  combined 
weight  or  pressure  of  all  the  tnolecnlea  acting  upon  it. 

In  a  volume  of  fluid,  eavh  molecule  prnsftes  in  anp 
direction,  from  which  a  swfftcrient  resistance  is  opposed, 
with  a  pressure  due  to  (he  com/tined  natural  pressures  of 
ail  molecules  acting  upon  it  in  that  direction,  and  also 
toiih  the  pressure  transmitted  through  them,  from  any 
exterior  force. 

In  treatises  on  hydrostatics,  propositions  relating  to 
pressures  of  fluids  are  commonly  statt'd  in  some  form  sim- 
ilar to  the  following:*  "When  a  fluid  is  pressed  by  its  own 
weight.,  or  by  any  other  force,  at  any  point  it  presses 
equally  in  all  directions." 

•  Yidr  ilull.in'8  MallicniHtifj.,  Hy<!n«(liiiics,  gSIO. 
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160.  Presstire  Proportional  to  Depth.—Tlie  jjres- 

'  sure  of  a  fluid  at  any  jwint  on  an  immersed  surface,  is  in 

(proportion  to  the  vertical  drpth  of  that  point  below  tlie  siir- 

fuee  of  tlie  fluid  ;  but  not  in  proportion  to  variable  breadths 

of  the  fluid. 

lu  vessels  of  sliapes  similar  to  Fig.  9  and  Pig.  10,  con- 
taining equal  vertical  deptlis  of  water,  the  pressures  on 
et^ual  areas  of  the  horizontal  bottoms  are  equal ;  also  the 
pressures  on  equal  and  similar  areas  of  their  vertical  sides, 
baring  their  centres  of  gravity  at  equal  depths,  are  equal. 


Fia.  9. 


\ 
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161.  Individual  Molecular  Reactious.— Any  parti- 
cle of  fluid  that  receives  a  pressure  reacts  with  a  force  equal 

_  to  the  pressure,  if  its  motion  is  resisted  upon  the  opposite?  side. 

^B     Any  point  of  a  fixed  surface  pressed  by  a  particle  of 

^^Irater  reacts  upon  the  particle  with  a  force  equal  to  the 
pressjire  of  the  particle. 

The  large  body  of  water  in  the  section  A  of  the  tank. 
Fig.  9,  Is  perfectly  counterbalanced  by  the  slender  body 
in  the  section  a".  A  pressure  equal  to  that  due  to  the 
weight  of  all  the  particles  above  the  hnrizontal  bottom  sur- 
face,X  acts  upon  that  surface,  and  the  surface  reacts  with  an 
equal  pressure  and  sustains  all  those  particles.  The  efl!ect 
would  be  similar  if  the  surface,  or  a  portion  of  it,  was  in- 

^■flined  or  curved ;  therefore,  only  a  pressure  equal  to  the 
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weight  of  those  particles  verticallj  over  the  opening  in  the 
partition,  J\  acts  upon  the  column  below  tlie  partition/. 
The  right  and  left  horizontal  pressures  of  the  iiidividoal 
particles  of  A  are  transmitted  to  th**  particles  on  the  right 
and  li»ft,  which,  in  turn,  react  with  equal  pressures,  and  sus- 
tiun  them  from  motion  sideways.  The  particl<?s  in  contact 
with  tlie  i)artitions  a  and  h  transmit  their  pressures  horizon- 
tally to  the  partition,  which  in  turn  react  and  sustain  them, 
and  all  the  i)articles  remain  in  equUibrium. 

162.  Equilibriuiu  Destroyed  by  aii  Orifice. — If  an 
orifice  is  made  at  the  bottom  of  the  side  6,  then  the  particles 
at  that  point  will  be  nJieved  of  tlie  reaction  of  the  point,  or 
of  its  sui)iK)rt,  equilibrium  will  be  destroyed,  and  motion 
will  ensue,  and  all  the  i>articles  throughout  A  will  begin  to 
move  toward  tho  onfice,  though  not  with  equal  velocities. 

1(k{.  Pressures  from  Vertical,  Inclined  and  Bent 
Columns  of  Water. — In  Fig  10  the  particles  in  the  body 
()!'  water,  7i,  are  press(»d  \\\W\  a  pressure  due  to  the  weight 
.)!'aiiy  one  vertical  coluiiiu  of  particles  or  molecules  in  the 
body  of  water  above*  tin*  o])ening  in  the  partition  tj^  con:^ 
queiitly  the  redaction  horizontally  from  any  point  in  the 
[)artitioii  r',  or  downward  from  any  point  in  the  covering 
partition  //,  or  upwai-d  from  any  point  in  the  bottom  rf,  is 
e([ual  to  tlir  woiirlit  of  a  <'olunni  of  nioh^cules  pressing  uiK)n 
that  ])()ijit.  of  hciulit  (Hjual  to  the  depth  of  the  given  point 
below  the  suiface  of  th(^  water  a  J) ,  The  pressuix^  due  to 
this  vertical  eolunin  of  moleeuh^s  would  still  rtMnain  the 
same  if  the  column  ff  (j  was  inclined  or  bent,  so  long  as  the 
water  surface  remained  in  Ww  1(»V(4  a  h\  as  is  evident  by 
iiispi^ction  of  tlie  cc>iumn  h." 

Since  the  downward  reaction  from  any  point  in  the  sur 
.f  ?  (J  is  equal  to  the  pr(»ssui'(»  of  a  column  of  molecules 
?qual  in  lunght  to  a'  g,  this  redaction  is  added  to  the  action 
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trf  gravity  on  all  the  molecules  beneath  the  given  point  in  ff, 
Uiert-'fore  the  pressure  ou  any  point  in  d,  beneatli  thi'  given 
point  in  ff,  is  equal  to  tlie  pressure  of  a  column  of  molecules 
of  height  a'  d. 

IG4,  Artiflciiil  Pppssiire.— If  in  the  vessel  illustrated 
by  Fig.  10,  we  close  the  ujienJugs  b  and  A"  at  the  level  of 
the  water  surface,  and  tit  a  piston  carrying  a  weight  into 
the  op<!mug  a',  then  we  will  increase  the  pressure  at  points 
d,  g,  c',  b\  b",  etc.,  respectively,  an  amount  itiual  to  the 
pressure  received  by  a  point  in  contact  with  the  piston  at  a'. 
This  artificial  pressure  is  equal  in  effect  to  a  column  of  fluid 
placed  upon  a'  of  weight  equal  to  the  weight  of  the  loaded 
piston. 

H»4».  Pressure  upon  a  Unit  of  Surface. — Since  one 
cubic  foot  of  water,  measoring  144  sqimre  inches  on  its 
base  and  13  inches  in  height  weighs  62.436  jiouuds,  there 
mast  be  a  pressure  exerted  by  its  full  bottom  aR'n  oi'  02.425 
pounds,  and  by  each  square  inch  of  its  bottom  an-a  of 

i^ir^^-  ■"'-  =\  0.433472  iwunds  for  each  foot  of  vertical 
\144  8q.  m,      /  ' 

de]ith  of  the  water. 

In  ordinary  engineering  calculations  62.5  pounds  is 
taken  as  the  weight  of  one  cubic  foot  of  water,  and  0.434 
jKiunds  as  th-?  n-sulting  pressure  per  square  incli  Ibi-  each 
vertical  foot  of  depth  below  the  surface  of  the  water.  Tliese 
weiglits  us<-'d  in  the  computation  of  the  following  table,  give 
closely  approsiinate  results,  slightly  in  excess  of  the  true 
weights. 

In  nice  calculations,  as  for  instance,  relating  ix.  testd  of 
turbines  to  determine  their  useftd  effect,  or  of  ptimj  ing 
engines  to  determine  their  duty,  the  weights  due  to  the 
measured  temperatures  of  the  water  are  to  be  taken. 
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T  A  B  LE    No.    89. 

OF  Water  at  Stated  Vertical  Depths  below  m 
Surface  of  the  Water,  at  Temp.  39.2**  Fah. 


Demi. 

Sq.  LtCM. 

PRBS51-KK  rut              fW»«.        P 

So.  Foot.            I>w™- 

Sq.  Ixcx. 

PKBBmm 

Sq.  Foot. 

• 

r^€mm 

/W.^.         '*      Atf. 

/Vv«£r. 

Pimmds. 

I 

•4335 

62.425 

36 

15.60 

224730 

2 

.8670 

124.85 

37     , 

16.04 

2309.72 

3 

1.300 

1S7.27 

38 

16.47 

2372.15 

4 

1.734 

248.70 

39 

16.91 

243457 

5 

2.167 

312.12 

40    1 

17.34 

2497.00 

6 

2.601 

374.55 

4»     1 

17.77 

255942 

7 

3.035 

436-97 

4»     ' 

18.21 

2621.85 

8 

3.46S 

499.40 

43 

«  18.64 

2684.27 

9 

3.90^ 

561.S2 

44 

19.07 

2746.70 

10 

4.335 

624.25 

45     , 

19.5  » 

2809.12 

II 

4.768 

6S6.^7 

*^     1 

19.94 

,           2871.55 

12 

S.202 

749  :o 

4:  ! 

20.37 

,           2933.97 

13 

5-^36 

SII.-2 

48  • 

20.81 

299640 

14 

6.o^9 

"^7395 

49 

21.24 

3058.82 

15 

6.503 

936.3: 

50 

21.67 

3121.25 

16 

6.Q36 

99>.Sc 

60 

26.01 

3745-5 

i: 

:-3:o 

1061.23 

-.0 

30.35 

4370 

iS 

1 1 25.65 

So 

34.68      ^ 

4994 

19 

^^^3: 

11S0.C7 

00 

3901 

5618 

%  *> 

A  w 

5.670 

I24>.5^             ^ 

IOC 

43-35 

6242.5 

21 

0.IC4 

i^ic.or           1 

lie 

47.68 

6867 

•  ^ 

^■•5.r 

I  ^7  ^-  ^^           ' 

120 

52.02 

749' 

0.071 

i-t5.- ::        ^ 

'3^ 

56.36 

8115 

-4 

TC.4C 

[40 

60.69 

8739 

-\n 

-.o.Si 

l5^c.r2           : 

150 

65.03 

9364 

^0 

1    *       *  ^ 
1    «  %  * 

1^25.^5           : 

:co 

69-36 

9988 

11-.^ 

I^^^-i* 

• » .» 

73.70 

10612 

;S 

1  *  '  ♦ 

:-.;•.:■; 

:  >r 

7S.03 

"237 

iO 

;  :.5* 

i>:c.;r           : 

::c 

S2.36 

11861 

.^^ 

^  .>  v\^ 

i>-r.-5 

:cc 

St».7o 

12485 

,^» 

^V44 

91.04 

13109 

V;S^ 

*  *»  ^ 

95.37 

:    13733 

,V^ 

M  .;i 

»      X  ^ 

99  :« 

14358 

^\ 

M  •* 

2  \  * .'  .^5 

r^r 

104.04 

;    14982 

i^>^37 

15606 

llUl,  l\qui>:it«Mil  Fonvs — Ir.  niany  compatations  in 

\^)ouw'U^'u^  NiiUios  wv  AT>^  ;uvus:vX^:t\i  to  conadtf  the  for« 
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ijg  from  a  weight  as  equivalent  to  the  force  of  a  preBsare 
»nd  to  place  weights  to  represent  statical  forces. 

On  one  square  foot  of  the  bottom  of  a  vessel  containing 
one  foot  depth  of  wat*;r,  a  pressure  is  exerted  by  the  water 
that  would  tend  to  pi-event  any  other  force  from  lifting  np 
that  bottom.  We  might  remove  that  water  and  substitutf 
the  pressure  of  a  quantity  of  oil,  or  of  atone,  or  of  iron,  a^ 
:\n  equivalent  for  tbe  pressure  of  the  water,  but  to  be  an 
exact  equivalent  its  weight  must  be  exactly  tlie  same  as  the 
weight  of  the  water.  In  this  case  we  should  take  for  the 
32.5  pounds  pressure  in  the  water,  62.5  pounds  weight  of 
oil,  or  of  stone,  or  of  iron. 

Ifi"*.  Weight  a  Measure  of  Prensiire. — Weight  is, 
^ben,  a  standard  whose  unit  is  one  pound,  by  which  pres- 
:eB  may  be  compared  and  raeasui'ed. 


168.  A  Line  a  Measure  of  Weight.— In  graphical 
statics  we  are  also  accustomed  to  represent  weights  by  lines 
wliich  are  drawn  to  some  scale. 

If  two  ffirces  act  upon  the  centre  of  gravity  of  a  body, 
Fig.  11,  one  of  which,  a,  is  equal  to  30  pounds,  and  the 
other  6,  to  40  pounds,  we  can,  after  adopting  some  scale, 
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say  one  inch,  to  equal  one  f)oand,  represent  the  force  a  hj 
a  line  30  inches  long,  drawn  from  some  given  point,  g,  in  its 
direction  of  action,  ga'j  and  the  force  6  by  a  line  40  inchee 
long,  drawn  from  the  same  point,  in  its  direction,  gb\  Now, 
if  we  draw  lines  from  the  end  of  each  line  thus  produced 
parallel  to  the  other  line  to  r,  completing  the  parallelogram, 
and  then  draw  the  diagonal,  gr,  then  the  resiiUant  of  the 
two  forces  will  pass  through  the  line  gr^  and  the  length  of 
gr  will  represent  the  combined  effect  of  the  two  forci*s  in 
this  direction.  Its  length  will  be  50  inches  =  WgU)* -f  \,Vffy 
and  the  combined  effect  of  the  two  forces  in  this  direction 
will  be  50  pounds. 

1G9.  A  Line  a  Measure  of  Pressure  upon  a  Sur- 
face.— Let  the  dim(?nsions  of  the  top  surface  of  the  body  A, 
be  10  foot  long  and  3  feet  wide,  and  its  area  be  30  sciuaro 
foot ;  lot  the  sido  dimensions,  -S,  be  10  feet  long  and  4  fi^ot 
hi<z:li,  and  its  an^a  Ix*  40  square  foot ;  let  the  pressui'e  uj)on 
t^aoli  surfaces  b(?  ono  ])ound  i)or  square  foot,  and  tlie  direc- 
tion of  tlio  ))rossuro  bo  shown  by  the  arrows  a  and  h.  The 
body  boing  solid,  tlio  forci^s  aro  to  be  considered  as  acting 
tlirongh  its  contro  of  gravity.  AVo  can  now  plot  the  pres- 
smen u])on  A  of  30  i)Ounds  in  its  direction,  and  uix)n  ^of 
40  ])ouiids  in  its  dirootion,  aiid  tlu^  diagonal  of  the  jMirallel- 
ogiaiii  (jr  will  givo  tlM*  dirootion  and  ratio  of  the  n»sultant, 
as  boforo.  Tlio  loroos  l)oir,g  oqiial  to  tiiosc*  before  considered 
as  acting  npon  a  point,  will  again  givo  a  diagonal  50  inches 
long  and  indicating  an  offoot  ot'oO  i)onnds. 

It  Is  i)lain,  tlion,  tliat  wo  can  takc^  tlio  line  ga\  or  the 
lino  h'i\  wliioli  is  (Hinal  to  it,  to  ro])n»s(nnt  the  force  or  pros- 
sure  ((  acting  upon  the*  i)oint  g  or  upon  tln^  surface  A  ;  and 
wo  can  tak(^  the*  lino  gh\  or  the  lino  r/V,  to  represent  tht 
force  or  pix^ssun*  h  acting  upon  the  jxnnt  g  or  the  surface  5, 
and  the  lino  gr  to  represent  the  combined  eflfect  of  the  twc 
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In  varioua  calculations  it  is  convenient  to  be  able 
9  <1  o  this. 

170.  Diii^oiinl  Force  of  Combined  Pre»Nnr<'s 
bntpliH-ally  Represented. — Again,  if  we  know  the  mag- 

tidp  of  the  force  t  acting  through  the  centre  of  tlie  bod}-, 
I  we  desire  to  know  the  magnitude  of  the  effects  upon 
lie  sides  A  and  B,  in  directions  at  right  angles  to  them, 
that  jirodiiced  tlie  force  r,  we  draw  the  line  r  to  a  scale  in 
the  direction  the  force  acts,  and  from  both  of  its  ends  draw 
lines  to  the  same  scale  in  directions  at  right  angles  to  the 
Bides  j1  and  B,  and  proportional  to  their  areas,  ns^a'andi/J', 
and  complete  the  paralh'lograiti  ;  then  will  go!  measured  to 
scale  indicate  the  effect  of  tlie  force  a  upon  ,1,  and  ijh' 
measan^  to  scale  indicate  tlie  force  J  upon  B.  If  ifr 
nieasui-es  fiO  pounds,  then  will  ga  measure  30  pounds  ai;d 
gb'  measure  40  pounds. 

171.  Angular  Resnltant  of  a  Force  Grapliiciilly 
R<-jireHontrd.^If  a  force  represented  by  the  line  (/*/, 
Fig.  12,  acts  uiwii  and  at  right 
angles  to  an  inclbied  sm-face^e 
at  g,  then  it^  horizontal  rt'sultant 
will  be  n-prcscnted  by  the  line 
hfj.  and  the  end  h  will  be  ]>eiiH'n- 
dtcuhirly  beneath  a.    Thr  ratios 

Ldf  the  lengths  of  the  lines  og  and 

Wpii>  and  hg  are  the  ratios  of  the 
effects  of  the  foi-ce  in  their  three 
directions  respectively. 

If  a  perpendicular  line  be  let  fall  from  /  upon  the  hori- 
zontal line  fd,  intersecting  it  in  d.  then  the  ratio  nf/c  to  />? 
will  l)e  equal  to  the  nitio  of  ag  to  hg\  consequently,  tlie 

u-  liorizontal  pressure  or  efft-ct  of  tiie  force  ag  upon  /V  would 

Hbe  ♦o  its  direct  effect  as/ir/  is  \afe.    Therefore,  the  nilin  of 
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the  line  fd  to  fe  eqaals  the  ratio  of  the  horizontal  effect  ol 
the  direct  force  upon/'e. 

The  ratio  of  the  vertical  downward  effect  of  the  force  a 
apon  fp.  is  to  its  direct  effect  as  the  length  ab  to  the  length 
ag,  and  also  as  the  length  ed  to  the  length  ^.  Therefore, 
the  rati<i  of  the  line  or  surface  ed  to  tlie  line  fe  reftresenta 
tlie  ratio  of  the  vertical  downward  effect  of  the  direct  force 
a^oafe. 

173.  Angular  Effects  i>f  a  Force  RepreHeiitiHl  by 
tlie  Sine  aiid  Conine  «f  the  Augle. — Also,  ab  is  the 
sine,  and  bg  the  cosine  jf  the  angle  agn^  and  we  liave  seen 
that  their  ratios  arc  to  radius  «g  as  ed  and  fd  are  to/c; 
therefore  the  vertical  and  horizontal  effects  of  the  force  a 
npon  the  inclined  surface /e  are  to  its  direct  force  as  the  sine 
and  cosine  of  the  angle  rfd  is  to  radinsye. 

173.  TotJil  PreHsiu-e. — To  find  the  total  pressure  of 
qniet  water  on  any  given  surface:  Multiply  together,  itt 
area,  in  square  feet;  the  vertical  depth  qf  its  centre  of 
gravity,  Ijelow  the  water  surface,  in  feet;  and  the  weigld 

qf  one  cubic  foot  qf  wattr 
in  pounds  (=  62.5  lbs,), 
lu  tlie  tank,  Fig.  13, 
filled  with  water,  let  tiie 
depth  aJ  be  9  feet ;  then 
the  centre  of  gravity  (if 
the  siuface  ab  will  be  at 
a  dejith  from  a  equal  to 
one-lialf  ab  =  41  feet.  If 
the  h-ngth  of  the  side  ai  ' 
is  1  foot,  then  the  total  pressure  on  ab  nill  equal 

9  ft.  X  1  ft.  X  4i  ft.  X  62.5  lbs.  =  2rm.25  lbs, 

174.  Direction  of  Maximum  Effect.— Tlie  direction 
tf  the  maxim-um  effect  of  a  pressure  on  a  plane  surface  la 
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ways  cU  Tight  angles  to  tJte  surface.  The  iiiaximam  hori- 
biital  effect  of  the  [tressure  on  t!ie  uuit  of  length  of  oA 
boals  the  product  of  ab,  into  the  depth  of  its  centre  of 
avity,  into  the  unit  of  pressure.  The  horizontal  effect  of 
!ssure  on  the  unit  of  length  of  cd  equals  the  product  of 
vertical  projection  ce,  into  the  depth  of  its  centre  of 
avity,  into  the  unit  of  pressure  ;  and  the  vertical  effect  of 
pressure  on  cd  equals  the  product  of  its  horizontal  projec- 
tion de,  into  the  deptli  of  its  centre  of  gravity,  into  tlie  unit 
of  pressure. 

ITS.  Horizontal  and  ViTtioal  ElfectM.— Assuming 
the  length  of  the  side  cd  to  be  radius  of  tlie  angle  dee,  then 
the  total  pressure  on  cd  is  to  its  horizontal  effect  as  radius 
«?  is  to  tlie  cosine  ce  of  tlie  angle  d-ce,  or  as  tlie  surface  cd 
is  to  its  vertical  projection  ce ;  and  the  total  pressure  is  to 
its  vertical  effect  as  radius  cd  is  to  the  sine  de  of  tlie  same 
an^le,  or  as  cd  to  de. 

'Wq  total  pressure  on  dg  is  to  its  horizontal  effect  as  dg 
is  to/g.  or  to  the  cosine  of  the  angle  d{if;  and  to  its  vertical 
^evt  as  d-g  t<j  df.  or  to  the  sine  of  the  angle  dgf. 

170.   ('<'ntfi's  of  PreHmire  inid   of  Gmvity. — The  ■ 
centre  of  hgdrustatic  pressure,  which  tends  to  overturn  or 
push  horizontally  the  surface  of  equal  width,  ab,  is  not  in 
the  center  of  gravity  of  that  surface,  but  in  a  point  at  two- 
thirds  tlie  depth  from  a  at  p  =  6  feet. 

The  renter  of  gravity  of  the  surface  cd  is  at  one-lialf  the 
vertical  depth  ce,  at  h\  or  at  one-half  the  lengtli  of  the  slope 
ed,  at  h.  Tlie  points  h  and  h'  are  both  in  the  same  hori- 
zontal plane.  When  the  water  surface  is  at  ac,  the  center 
of  pressure  of  the  surface  cd  is  at  two-thirds  of  the  vertical 
depth  ce,  at  p',  or  at  two-thirds  the  slope  cd.,  at  p.  Tlie 
points  p'  and  />  are  in  the  same  horizontal  plane.     If  ce 

Lix  feet,  tlien  the  center  of  ^rravitv  of  erf  or  ce  will  be 
: 
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Fig.  14. 


at  the  vertical  depth  of  three  feet  =  ch\  and  the  center  of 
pressure  at  the  vertical  depth  otfowr  feet  =  cp. 

Tlie  center  of  gravity  of  the  surface  dg  is  at  a  depfli 
^m  the  water  surface  e,  equal  to  the  sum  of  one-half  the 

vertical  di^pth  fg  added  to  the  depth  ce=  ce  +*^,  and  the 

center  of  pressure  of  ^  is  at  a  vertical  depth  equal  to 

3  {cgY  -  {csf  -  ""^^  -  ^'^  ^^^' 

177.  Pi^^^ssure  upon  a  Curved  Surface  and  Effect 

upon  itrt  Projected  Plane.— In  a  vessel,  Fig.  14,  filled 

with  water,  one  of  whose  ends,  oi,  is  a  segment  of  a  cylin- 
der, and  opposite  end  in 
part  of  the  vertical  plane 
a"h'\  and  in  part  of  a 
liemisphere  cd^  the  total 
pressure  on  db  will  he 
as  the  total  surface  ab; 
but  its  horizontal  effect 
will  be  as  the  area  of  its 

vertical  piojection  a'h ,    The  total  pressure  on  the  end  a"b'\ 

will  be  as  the  I'c^mainiiig  surface  of  the  vertical  plane  a"6," 

incn^ased  by  tln'  concave  sui'face  of  the  hemisphere  cJcd^  but 

its  horizontal  effect  will  be  equal  to  its  vertical  projection 

a"h"'  or  a'h \     The  v(^rtical  (effect  on 

the  plane  ah"  is  equal  to  zero,  but 

the  vertical  effect  of  the  i)r(*ssure  in 

the    hemisphere    is   representt^d   by 

the  plan   of  one -half   a   sphere  of 

diameter  equal  to  od. 

In  a  hollow  sphere,  Fig.  15,  filled 

with  water,  the  total  pressure  will 

be  as  the  total  concave  surface  a'7ih'h'\  but  the  horizontal 
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eflPtet  will  be  as  its  vertical  projeciion  ab,  which  represents 
fi  circular  vertical  plane  of  diametef  equal  to  ab,  and  tlie 
'.  «  -Ttical  iflfect  will  be  as  its  horizontal  projection  bb\  whicli 
"•-  fjfaeuts  a  horizontal  circular  ai-ea  of  diameter  iqnal 
U>  bb  . 

In  a  pipe,  or  cylinder,  reprtaented  also  in  section  by 
fi^.  15,  the  total  pressure  within  is  as  the  inner  circunjfer- 
t'ntial  area  a'hbTi",  and  when  the  cylinder  lies  hoiTzontally 
thf  horizontal  and  vertical  effects  of  its  pressure  in  a  unit 
*>f  l<-n^tli  will  be  represented  by  its  vertical  and  horizontal 
projf  ;;tion3  ab  and  hb'. 

If  the  cylinder  is  iuclin(?d,  tlie  pressure  at  any  ^^oint 
'^iHjn  its  circumference  is  as  the  depth  of  that  point  below 
tilt?  snrface  of  the  water,  and  the  total  pressure  in  pounds 
ii'M»n  any  section  of  the  cylinder  will  be  found  by  mnlti- 
Pl>'ing  its  area,  in  sqnare  feet  into  the  depth  of  its  center  of 
f^i'avily,  in  feet,  below  the  surface  of  the  water  and  their 
product  into  the  weight,  in  pounds  (02.5  lbs.),  of  a  cubic 
f*if  >t.  of  water. 

178.  Center  of  PrcHsure  upon  a  Circular  Area. — 
*^*Ae  center  of  pressure  of  a  vertical  circular  an^a,  repre- 
***!  ted  also  by  Fig.  16.  wlien  its  top  a  is  in  tlie  water  surface, 

mM  **.(  a  depth  below  a  eqiuil  to  five-fourths  the  radius  of  the 

179.  Combined  Pressures, — The  sum  of  pressures  in 
Pounds,  upon  a  number  of  ad,jacent  surfaces,  may  be  found 
by  multiplying  the  sum  of  their  surfaces  in  square  feet  into 

t^t«?  depth  of  their  common  center  of  gravity,  in  feet,  below 
t^ie  surface  of  the  water,  and  this  ]trodu<'t  into  tlie  weight  of 
<ine  cubic  foot  of  water,  in  pounds  (62.5  lbs.). 

180.  Sustaining  Pressure  upon  Floatins:  and 
Submerged  Bodies. — The  pressure  tending  to  sustain  a 
cylinder  floating  vertically  in  water  c  (Fig.  16)  is  equal  to 
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tile  vertical  effect  of  llie  preasiire  on  its  bottom  area.  Tin- 
Bimtaining  pressure  may  be  computed,  in  pounds,  by  mul- 
tiplying the  bottom  ai-ea  of  tlie  cylinder,  in  square  feet,  into 
ifa  deptli,  in  feet  (wliich  givea  tlie  cubical  contents  of  the 
imraerspd  jKirtion  of  the  cylinder),  and  tliis  pi-oduct  into 
tlie  weiglit  of  a  cubic  foot  of  water. 

The  weiglit  of  water  displaced  may  be  computed  also  by 
multiplying  the  cubic  contents  of  the  immersed  jiorliou  of 
the  cylinder,  in  cubic  feet,  into  the  weight  of  a  cubic  fwjt 
of  water.  The  two  results  will  be  equal  to  each  other ; 
therefore  the  vertical  effect  tending  to  sustain  the  cylinder 
is  equal  to  the  weight  of  water  displaced. 

To  compute  the  pressnn?  t^'uding  to  sustain  the  trun- 
cated cone,  or  pyramid,  d,  multiply  the  vertical  projection 
of  the  inclined  surfaces  (=  top  area  —  bottom  area),  in  feet, 
into  the  depth  of  their  common  center  of  gravity,  in  feet, 
and  to  this  product  add  the  product  of  its  bottom  area,  in 
feet,  into  its  depth,  in  feet,  and  tlien  multiply  the  sum  of 
the  products  into  the  weight  of  a  cubic  foot  of  water,  in 
pounds. 

This  enstaining  pressure  will  also  equal  the  weight  of 
the  water  disjilaced. 

To  compute  the  pressure  tending  to  sustain  the  im- 
mersed cube  e,  multiply,  in  terms  aa  before,  the  bottom 
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uea  into  the  depth  and  into  the  weight  of  water,  and  from 
the  final  product  subtract  the  product  of  the  top  area  into 
its  depth  and  into  the  weight  of  water.  This  sustaining 
pressure  also  equals  the  weiglit  of  wattT  displaced. 

The  downward  pressure  on  the  top  of  e  tends  to  sink  it, 
und  the  upward  pressure  on  its  bottom  to  sustain  it.  The 
lifference  of  the  two  effects  is  tlie  ri'sultant.  The  resultant 
will  act  vertically  through  the  center  of  gravity  of  the  body, 
[f  e  is  of  the  same  specitic  gravity  as  the  wat**r,  tlien  its 
weight  will  juat  balance  the  j-esultant,  and  it  will'  neither 
■ise  or  fall ;  if  of  less  8]^)ecific  gravity  it  will  rise ;  if  of 
greater,  it  will  sink.  The  cylinder  c  is  evidently  of  less 
ipecific  gravity  than  the  water,  aud  d  of  the  same  specific 
jravity. 

Let  c  be  a  hollow  cylinder  with  a  watet-tight  bottom, 
;hen  altliough  it  may  be  made  <»f  iron,  and  weigiits  be 
placed  within  it,  it  will  still  float  if  its  total  weight,  includ- 
ing its  load,  is  less  than  the  weight  of  the  water  it  displaces. 
On  the  same  principle  iron  ships  float  and  sustain  heavy 
largoes. 

181.  Upward  Pressure  n|Miii  Ji  Submerged  Lin- 
tel.—If  L,  Fig.  17,  be  a  horizontal  lintel  covering  a  sluice 
between  two  reservoirs,  the  upward  pressure  of  the  water 
upon  O',  tending  to  lift  it,  will  be  equal  to  the  product  of 
the  rectangular  area  ij  into  its  depth  and  into  the  weiglit 
of  a  cubic  foot  of  water;  that  is,  the  upward  pressure  in 
pounds  will  be  equal  to  the  weight  in  pounds  of  a  prism 
of  water  having  the  rectangular  area  */  for  its  baae  and  the 
depth  of  iJ  below  the  surface  of  the  water  for  its  height. 

If  the  lintel  is  construct-^^  of  timber,  at  a  considerable 
depth,  and  is  not  equally  as  strong  as  the  enclosing  walls 
of  the  reservoir  at  the  same  depth,  it  may  be  broken  in  or 
thrust  upward. 
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182.  AtniospheHc  Pressure. — Upon  the  particleeof 
all  tiodiea  of  water  resting  in  open  vessels  or  reservoirs, 

there  is  a  force  constantly 
acting,  in  addition  to  tbe 
directforce  of  gravity,  upon 
the  independent  particles. 
This  force  comes  from  the 
effect  of  gravity  upon  tbe 
atmosphere.  The  weight 
of  the  atmosphere  prodacea 
a  pressure  u[X)n  tbe  sur- 
face of  the  water  of  about 
14,75  pounds  per  square 
inch,  or  about  2124  pounds  per  squai-e  foot.    This  is  eqiuT' 

alent  to  a  column  of  water  ( „  A^ui^ii  "^  )  ^-^'^  feet  high. 
In  the  open  vessel.  Fig,  18,  filled  with  water  to  thejerel 
a,  the  effect  of  the  pressure  of  the  atmosphere  is  transmitted 
tlirough  the  particles,  and  acts  on  all  the  interior  surface 
below  the  water  surface  abb'a,  with  a  force  of  14.75  pmnds 
on  every  square  inch,  in  addition  to  tbe  pressun?  from  the 
weight  of  the  water.  There  is  also  an  equal  atmospJierio 
preBStire  on  the  exterior  of  the  vessel  of  14. 7o  pounds  per 
square  inch  ;  therefore  the  resultant  is  zero,  and  the  weight 
of  the  atmospheric  does  not  tend  to  move  either  eide  of  the 
vessel  or  to  teE.r  the  vessel  asunder. 

183.  Rise  of  Water  into  a  Vacuum If  the  tube  cd 

be  extended  to  a  height  of  thirty-five  or  more  feet  above  the 
surface  of  the  water,  and  a  piston,  containing  a  projier  valve, 
be  closely  fitted  in  its  upper  end.  then  by  means  of  tlie  piston 
the  air  may  be  immpied  out  of  the  tube,  and  the  surface  of 
water  in  the  tube  relievt^  of  atmospheric  pressure.  The 
equilibrium  of  the  particles  within  the  tube  will  then  be  da- 
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tyed,  and  the  pressare  of  the  atmosphere  acting  through 
particles  in  the  lower  end  of  the  tube  will  press  the 
iter  up  the  tube  to  a  height,  according  to  the  perfection 
the  vacuum,  of  34.028  feet  approximately.     It  is  atmos- 
leric  pressure  that  causes  pump  cylinders  to  fill  when  they 
above  the  free  surface  of  the  water. 
If  the  bottom  of  the  immersed  tube,  cd.  be  closed  by  a 
ve,  and  the  tube  filled  with  water,  and  the  top  then 
letl  at  a  height  of  thirty-five  or  more  feet  above  tlie  sur- 
face of  the  water  aa,  the  valve  at  d  may  afterwards  be 
opened,  and  the  pressm-e  of  the  atmosphere  acting  through 
the  particles  in  the  lower  end  of  the  tube  will  sustain  the 
column  to  a  height  of  34.028  feet  approximately. 

184.  Siphon. — If  the  bent  tube  or  siplion,  efff,  Fig.  18, 
liartng  its  \egfg  longer,  vertically,  than  its  leg  ef,  be  tilled 
with  water  and  its  end  e  inserted  in  the  water  A,  then  the 
action  of  gravity  upon  the  water  in  the  leg  fg,  will  be 
gifater  than  upon  the  water  in  the  leg  ef,  and  the  equi- 
librium in  the  particles  at/  will  be  destroyed.  The  pres- 
BUi-e  of  the  atmosphere  on  the  surface  €ui',  will  constantly 
press  the  water  A  up  the  leg  cf,  tending  to  restore  the  tqui- 
Ubrium,  and  gravity  acting  in  the  leg/j?  will  as  constantly 
tend  to  destroy  the  £qui)ibnum,  consequently  there  will  be 
a  constant  flow  of  the  water  A  out  of  tlie  end  g,  until  the 
water  surface  falls  nearly  to  tlie  level  e,  or  until  the  air  can 
euter  at  e. 

185.  TransmisHioii  of  Pressure  to  a  DiHtanee.— 
77ie.  tffect  of  pressure  on  a.  fluid  is  transviitted  through  its 
particles  to  any  distance,  however  indefinitely  great,  to  the 

it  of  its  Tolujne. 

If  water  is  ponred  into  the  open  top  ?/',  Fig.  10,  the  divi 
sion  b'c".  (rill  fill  as  fast  as  the  division  6",  and  the  water 
will  flow  over  bg,  and  will  i-eacii  the  level  a',  at  approxi- 
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matel V  the  same  time  as  it  reaches  6 ' :  so  in  anv  inreTted 
^iplioo,  or  m  a  system  of  water  pipes  of  a  town,  water  will 
in  coosequeuee  of  transmitted  prvasnre,  flow  from  an  dt^ 
vated  :?ourre  down  through  a  vallev  and  np  on  an  op])0<ite 
hili  to  the  level  of  the  5«ource.  If  the  syphon,  or  pipe,  has 
an  indetiiiite  number  of  brauches  with  open  tops  as  high  as 
liie  source,  then  the  surface  of  the  water  at  the  source  and 
in  ea<*h  of  the  branches  will  rest  in  tlie  same  relative  eleva- 
tion of  the  earth's  cur\'arure. 

186.  Inverted  Siphon. — Br  transmission  of  pfvssure 
througii  th*'  particles,  water  in  a  pool  or  lake  near  the  sum- 
mit of  on»-  hill  or  mountain  is  sometimes,  when  the  rock 
strata  liav»'  been  bent  into  a  favoring  shape,  forced  through 
a  natural  subterranean  inverted  siphon,  and  caused  to  flow 
out  as  a  s]>ring  <  »n  an  opposite  hill  or  mountain  summit. 

187.  Pressure  Convertible  Into  Motion. — ^Thus  we 
Set*  that  the  force  of  jjrravity  in  the  form  of  weight  is  con- 
v#-rtible  into  ]»n's>ur\  and  pn^<ure  into  motion ;  and  that 
iii:)tion  may  1k^  converted  into  pressure,  and  pressure  be 
equivalent  to  weight. 

Motion  w.'  ai>*  accustoineii  to  nu^asure  by  its  rate,  which 
we  term  its  \  »'l«>Mty  ;  tliat  is,  th<»  number  of  units  of  sjiace 
passed  over  ]>v  the  moving  body  in  a  unit  of  time,  as,  feet 
jMT  stVimd. 

MOTION     OF     WATER. 

18S.  Flow  of  Water. — A /I  forces  tending  to  destroy 
eqfiilibrium  anont]  th*  fxirtichs  of  a  body  qf  wcUer  tend 
to  prodftct  motio/i  iff  that  ho*hj. 

\Vi»  have  alvn-e  n^fi^nni  to  tlie  accepted  theory  of  motion 
ilut*  to  the  inrtuiMuv  of  caloric  :  tliere  is  a  motion  of  water 
due  to  the  winds,  a  motion  due  to  the  attraction  of  tlio 
h»nivenly  Ixxiies,  and  an  artificial  motion,  as,  for  instance, 
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tat  due  to  the  pressure  of  a  pump-piaton.     The  motion 
pin  to  be  considered  is  tliat  originated  by  the  influence 
f  gravity  and  termed  the_/fow  of  water. 

189.  Action  of  Gnivity  upon  ludivlfltial  Mole> 
Ciile!^. — All  natural  JUno  of  water  is  due  to  tJie  force  of 
f I ro Fit ij.  acting  upon  and  generating  inotion  in  its  iiidi- 
■eitlual  molecules. 

If  in  the  ade  of  a  vessel  filled  with  water  there  be  made 
an  orifice ;  if  one  end  of  a  level  pipe  filled  witli  water  be 
lowen-d  ;  or  if  a  channel  filled  with  water  have  its  water 
ii'Ieased  at  one  end,  then  equilibrium  among  the  particles 
of  the  water  will  be  destmyed,  and  motion  of  the  wat*'r  will 
eueue.  Gravity  Js  the  force  producing  motion  in  either  case, 
and  it  acts  upon  each  individual  molecule  as  it  acts  upon  a 
solid  body,  free  to  move,  or  devoid  of  friction, 

190.  FriftloiUesH  Movement  of  MoleruIeH. — The 
molecules  of  water  move  over  and  past  each  otlier  with  such 
remarkable  ease  that  they  have  usually  been  consideied  as 
devoid  of  friction. 

The  formulas  in  common  use  for  computing  the  velocity 
witli  which  water  flows  from  an  orifice  in  the  bottom  or  side 
of  a  tank  filled  with  water,  assume  that  the  individual 
molectiles,  at  the  axis  of  the  Jet,  will  issue  with  a  velocity 
equal  to  that  the  same  molecules  would  liave  acquin'd  if 
they  liad  fallen  freely,  in  vacuo,  in  obediencre  to  gi-ai  ity,  from 
ii  lieight  above  the  orifice  equal  to  the  height  of  the  surface 
of  the  water. 

191.  Acceleration  of  Motion.— The  force  of  gravity 
perpetually  gives  new  impulse  to  a  falling  body  and  accel- 
erates its  motimi^  if  unresisted,  in  regular  mailiematical 
jprojmrtion. 

Experiment  has  shown  that  a  solid  body  falling  freely 
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height  of  18.1  fiwt  nearlj,  during  the  first  second  of  time; 
lias  a  velocity  at  the  end  ol  the  first  second  of  32.2  feel 
nearly,  and  is  accelerated  in  each  succeeding  second  32.3 
feet  nearly.  The  nsoal  symbol  of  this  rate  of  acceleration 
is  ffj  the  initial  of  the  word  ffravity^  and  we  shall  have  fre- 
quent occasion  for  its  use. 

The  latitude  and  altitude,  or  distance  from  tlie  centre  of 
the  earth,  affects  the  rate  of  motion  slightly,  but  does  not 
affect  materially  the  results  of  ordinary  hydrodynamic  cal- 
culations. 

The  resistance  of  the  air  affects  slightly  the  motion  olt 
dense  bodies,  and  retards  them  more  if  they  are  just  sepa- 
rating, as  water  separates  into  spray. 

19*^.  Equations  of  Motion. — ^The  velocity,  Vj  acquired 
by  a  solid  body  at  the  end  of  any  time,  4  equals  the  prod- 
uct of  time  into  its  acceleration  by  gravity,  //,  and  is  directly 
Uroportional  to  the  time : 

V  :  g  :\  t  :  1^        or       v^gt. 

The  heiglit,  A,  through  which  the  body  fells  in  one 
second  of  time  equals  J//,  and  the  heights  in  any  given 
times,  t,  an?  as  the  squares  of  those  times : 

h  :  ^g  ::  (^  :  (l)^        or        A  =  i5^; 

and,  by  transposition,  we  have 

This  value  of  t  in  the  equation  of  v  gives 


^  =  9  y/j  =  ^^ff^' 


Prom  these  equations  we  deduce  the  following  general 
equations  of  tim^e,  t;  Tieight,  h  ;  velocity^  v;  and  aoederO' 
tiori^  g : 


PABdBULIC    PATH    OF    THE    JET. 


v/^*  =  .0310631) 

(1) 

gt'      1.= 

2          2jf 

1      =  .016536!>" 

(2) 

\'2jjh  =  8.0227v'/5 

(3 

»        Si 

1      =32.1908 

(4.1 

The  tlme^  space,  and  velocity  are  at  the  ends  of  the  first 
teu  seconds  as  follows : 


193.  Parabolic  Path  of  the   Jet.— If  we  plot  the 
spaces  of  the  column  of     s4   -^             j-m  19 
8pacf3  or  heights  to  a     i  §  f |  ,, ,  .„ ,  ,  .     . 

"tr""  e  H  S     1 5     Velodty  In  feel  per  iccaod. 

Bcale  on  a  vertical  line, 
b^inning  with  zero  at 
thti  top,  and  then  from 
the  space  pointa  plot 
horizontally  to  scale  the 
velocities,  as  in  Fig.  19, 
and  tlien  from  zero  draw 
a  curved  line  ac,  cutting 
the  extremities  of  tlie 
horizontal  lines,  the 
curve  ac  will  be  a  pa- 
rabola, the  vertical  line 
06  its  abscissa,  and  the 
xintal  lines  its  ordi- 
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194.  Velocity  of  Efflux  PrapOTtkHMl  to  the  HmI 

—If  in  the  dereral  sides  at  a  raerroir  A,  Fig.  Ida,  kept 
filled  with  water,  orifiees  with  thin  edges  aie  mide  it 
deptlui  of  20  feet.  25  feet,  60  feet,  75  feet,  and  100  fret  frm 
the  sor&ce  of  the  water,  then  water  will  iasoe  from  eaA 

Fie.  ite. 


§ 


xjxj; 


orifice  in  a  direction  perpendicular  to  the  side,  with  a  veloo 
ity  proportional  to  the  square  root  of  the  head  of  water 
above  the  centre  of  gravity  of  the  orifice,  and  equal  approx* 
imately  to  the  velocity  one  of  its  particles  Would  have 
acqum^i  if  it  had  fallen  freely  from  the  height  of  the  head. 
195.  Coiivorsioii  of  the  Force  of  Gravity  fW>ito 
Pressure  into  Motion. — The  accumulated  vertical  force) 
of  gravity  due  to  the  head  or  ''charge"  will  act  upon  the 
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paiticles  as  pressure  before  the  orifice  is  opened,  but  in- 
staiitly  upon  an  orifice  being  opened  pressure  will  impel 
til"  iKH-tii'lea  of  water  in  the  direction  of  tUe  axis  of  the 
Diitice,  and  graritjr  will  begin  anew  to  act  upon  tlie  parti- 
cles in  a  vertical  direction.  If  the  axis  of  the  oriHce  is  not 
veitiral,  gravity  will  deflect  the  particles  through  a  curved 
path. 

196.  Resultant  Eflects  of  Pressure  and  Gravity 
upon  t))«  M4»ti<iii  of  ii  Jet.^It'  un  a  lin  '  at.  drawn 
tiinnigh  the  center  of  an  orifice,  peri)endicular  to  tlie  plane 
of  tlie  orifice,  we  plot  to  scale  the  products  of  any  given 
times  into  a  given  velocity,  and  from  eacli  of  the  points 
thus  indicated  we  plot  vertically  downward  the  distance,  a 
body  will  fall  fi-eely  in  those  times,  op,  and  tlien  from  tlie 
orifice  draw  a  line  throngli  the  extremities  of  the  vertical 
lines,  the  curved  line  thus  sketched  will  Indicate  the  path 
of  tlie  jet  flowing  from  the  orifice.  The  curved  line  is  a 
parabola,  to  which  the  axis  of  the  orifice  is  tangent ;  and 
tlie  distances  ao  upon  the  tangent  are  equal  and  parallel  to 
onlinates.  and  represent  tlie  force  per  unit  of  time  given  to 
the  jKirticles  of  the  jet  by  pressuiv,  and  the  verticals  froiu 
the  tangent  are  equal  and  parallel  to  abscisses,  and  I'epre- 
seiil  by  their  increase  the  accelerating  eflect  of  gravity  upon 
the  falling  particles.  The  distances  uo  and  op.  ordinates  aj>, 
and  abscisses  aa\  form  a  series  of  parallelograms,  one  angle 
of  which  lies  in  the  oritice  and  the  opposite  angles  of  which 
Jie  in  the  curved  path  of  the  jet.  and  the  diagonals  of  which 
be  equal  to  resultants  of  the  effects  of  pressure  and  gravity. 
^  197.  Equal  ProHMuron  jrive  Equal  Vt'locltlcN  In  all 
DirectiouH. — The  velocities  of  issues,  downward  from  the 
orifice  c  and  upward  from  the  orifice  t\  and  horizontally 
om  the  lower  orifice  b\  will  be  equal,  since  they  all  are  at 
e  same  depth. 
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108.  Resistance  of  the  Afar^— Sinoe  the  Telocity  of 
upward  issae  firom  e  is  due  to  the  gnmty  force  of  the  head 
dCf  actiog  as  piessurey  the  jet  should  theoieticallj  reach  the 
level  of  the  water  soiface  d.  The  spreading  of  the  particles 
and  conseqaent  enhanced  resistance  of  the  air  prevents  such 
result,  and  the  resistance  increases  as  the  ratio  of  area  ct 
orifice  to  height  of  head  decreases. 

199.  Theoretieal  Velocities.— The  following  table  of 
theordical  velocities  and  times  due  to  given  heights  or  headi 
has  been  jnepared  to  &cilitate  calculation : 


TABLE     No.    40. 

Correspokdcnt  Heights,  VELOcmES,  and  Times  op  Falumg 

Bodies. 


1 

■ 

"" 

r» 

» 

<H 

^a 

1 

ZiH 

H  =  — 

»=  ivH 

'=4     —           H=  — 

1 

9  =  f  vH     j     / 

w 

Head  in  fcvt. 

Vcfedtj-iafett 

. ..  •               Ucftd  ID  "^*^ 

Vdodty  is  fed 

Tiai% 

per  secoDd. 

ca  seconds. 

j 

pcrseoQod.         in 

seconds. 

.OIO 

.So 

.024S 

•MS    i 

1 
3-05 

•0949 

.015 

.93 

.0304 

.150       t 

3"         ' 

.0964 

.020 

1. 13 

.0350 

.155     1 

3.16 

.0980 

.025 

1.27 

oy^ 

.160 

3.21 

•0995 

.030 

1                          • 

.0431 

.165     i 

3-26 

.1011 

•^\^5 

'         1.50 

.0465 

.170      f 

3-31 

.1016 

.040 

I. CO 

.04^6 

175 

336 

.1043 

.CV45 

l.?0 

.0527 

iSo 

3.40        ' 

.1054 

.050 

I->) 

.0555 

IS5 

3.45 

.1069 

•^^5 

1.S5 

.0553 

.190 

3-50 

.1085 

.000 

1. 07 

.0611 

.195 

3-55 

.1100 

.005 

S.04 

.0052 

.30 

3.59 

.1113 

.070 

2,12 

.OC57 

.21 

3.68        , 

.1141 

.0:5 

3.20 

.C6S2 

.22 

3.76 

.1166 

.oSo 

2.27 

.0704 

-3 

385      r 

.1193 

.oSs 

2.54 

.0725 

*>  1 

3.93 

.1221 

.090 

1.41 

•0747 

3C 

4.01 

1*43 

.005 

3. 47 

-O'WJ 

26 

4.09 

1368 

•  KX» 

««M 

.07S7 

4.17 

.1995 

,U^ 

a.c<» 

.o^o6 

23 

4-«S        ,       . 

1317 

.ito 

2.00 

.  0^25 

29 

4.3«        *       . 

«339 

.115 

a.Ti 

,0543 

J*> 

439 

1361 

.1» 

2,-< 

,v>i>C»2 

31 

4.47 

1386 

.iJ5 

2.>4 

.iVNS> 

32 

4  S4 

u/yj 

.130 

3.S> 

.v>N)D 

33 

4.61 

M>9 

•135 

«^>>5 

•  ogi4 

54 

4-68 

1451 

•MO 

3,a> 

o»MO 

35 

475        i       . 
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COUUSPONDSMT  HEIGHTS,   VELOCITIES,  AMD  TiMES  OF   FaLUNG 

Bodies — (CdttHfiutJ.} 


-=5 

v=Vv^          * 

■l/f      " 

V 

,=  *^         , 

l/-? 

ndlDtat 

Velodtyiofeet 

SU    "•>' 

Id  (ML 

Vetodty  In  lc«l| 

pOTKCODd.             In 

Time 

.36 

4.81 

1491 

83 

7.31     ' 

3366 

37 

4.87 

tjio 

84 

7-35 

3378 

38 

4-94 

iS3t 

85 

7.40 

3394 

39 

5.01 

1553 

86 

7-44 

2306 

40 

5*>7 

iS7a 

87 

7.48 

1319 

41 

5-14 

1593 

88 

7-53 

"334 

43 

S-M 

1613 

89 

7-57 

a347 

43 

5.a6        1 

1634 

90 

7.61 

a3S9 

44 

5-3a 

1649 

91 

7.65 

"377 

45 

5.38 

1668 

93 

7.70 

3387 

46 

S.44 

1686 

93 

7.74 

3399 

47 

5.50 

170S 

94 

7.78 

341a 

4B 

5.56 

1734 

95 

7.8a 

3434 

49 

5.6a 

174a 

96 

7.86 

3437 

50 

5.67 

1758 

97 

7.90 

3449 

St 

5-73 

1779 

98 

7-94 

3461 

Sa 

5-79 

1795 

99 

7.98 

"474 

S3 

s-ss 

1B13                 I 

8.03 

3491 

S4 

5  go 

,B39 

8.10 

351B 

5S 

5-95 

1B44                 I 

04 

8  t8 

aH3 

S6 

6.00 

1860                t 

06 

8.36 

3567 

57 

6.06 

1879                ' 

08 

8.34 

3589 

ss 

6.11 

1894                 I 

B.4> 

»6i6 

S9 

6.17 

I9'3                > 

8.49 

3638 

60 

6.33 

193S                 t 

14 

8.57 

ab6o 

61 

6.3S 

1947                 ' 

16 

8,64 

36BS 

63 

6.3a 

"959                " 

18 

8.73 

3706 

63 

6-37 

197s                » 

ao 

\-v 

3730 

64 

6.43 

1990                1 

B.87 

375" 

6s 

6,47 

"999                " 

34 

8.94 

3774 

bb 

6.53 

loal                 1 

36 

Q.OI 

3797 

67 

6-57 

ao37                 I 

38 

Q.08 

38.9 

68 

6.61 

3049                > 

30 

9"5 

3843 

«9 

6.66 

S06S                 I 

la 

g.ai 

3866 

70 

6.71 

9060                I 

34 

g.39 

3885 

7' 

6.76 

3096                • 

36 

9-36 

ago6 

7a 

6.81 

38 

9-43 

3937 

73 

6.B6 

3137                      I 

40 

9-49 

3950 

74 

6.91 

aMa             I 

4a 

9-S7 

3968 

75 

6.9s 

31S4             I 

44 

Q.63 

2991 

76 

6-99 

3167             I 

46 

9.70 

3010 

77 

7-04 

31S3             I 

48 

9-77 

3030 

78 

7-09 

3ig8               I 

50 

9.83 

3053 

79 

7-13 

SS 

9.98 

3106 

to 

7.18 

^^6                \ 

60 

3  "37 

ai 

7.2a 

3233          '       " 

6S 

1U.3 

3304 

aa 

7-36 

335"                      I 

10.  s 

3338 
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Cc«itE$H»n>ENT  Heights,  Velocitees.  and  Tihb  op  Falukg 
BoDi  Es — ( Om/auied) 


■"*   perncoatf. 


.33<» 
-3333 
•339+ 
■14*3 
■348a 
■3509 
-3590 
■3697 
-3770 
■  3871 
.3968 
.4031 
.4091 
.4179 
■4»J4 
■43"7 
■4397 
.4476 
■455* 
■4S9S 
.4667 
-4737 
■4305 
.4871 


-;!33 

■5343 
■  5454 


a3-3 
83.8 


1.0417 
i.osSB 
1.071S 
i.o8s7 


i.m4 
>.a343 
1.1469 
t  3714 
1.11950 
1.3176 
I34»6 
1.3667 
1.3870 
1-4097 
'.4317 
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Correspondent  Heights,  Velocities,  and  Times  of  Falling 

Bodies — ( Continued.) 


H='" 

p=  i^atfH 

"i^i 

v=  VagH 

r  / 

cadinfeet. 

Velocity  in  feet 
per  second. 

46.7 

Time 
in  seconds. 

I. 4561 

1 
Head  in  feet 

Velocity  in  feet 
per  second. 

Time 
in  seconds. 

34 

77 

70.4 

2.1874 

35 

47.4 

1.4768 

78 

70.9 

2.2003 

36 

48.1 

1.4968 

79 

71.3 

2.2160 

37 

48.8 

I. 5164 

80 

71.8 

2.2284 

38 

^      49.5 

I . 5354 

81 

72.2 

2.2438 

39 

50.1 

1.5569 

82 

72.6 

2.2590 

40         , 

50.7 

1.5779 

83 

73-1 

2.2709 

•♦*         1 

51.3 

1.5984 

84 

73.5 

2.2857 

42 

52. 

1.6154 

85 

74.0 

2.2973 

43 

52.6 

1.6350 

86 

74.4 

2.3118 

44 

53.2 

I. 6541 

87 

74.8 

2.3262 

45 

53  8 

1.6729 

88 

75.3 

2.3373 

46 

54.4 

I. 6912 

89 

75.7 

2.3514 

47 

55. 

1.7090 

90 

76.1 

2.3653 

48 

55.6 

1.7266 

91 

76.5 

2.3791 

49 

56.2 

I . 7438 

92 

76.9 

2 . 3927 

50 

56.7 

I . 7637 

93 

77.4 

2.4031 

51 

57.3 

1. 7801 

94 

77.8 

2.4165 

52 

57.8 

1.7993 

95 

78.2 

2.4297 

53 

58.4 

1.8151 

96 

78.6 

2.4427 

54 

59. 

1.8305 

97 

79.0 

2.4557 

55 

59-5 

1.8487 

98 

79.4 

2.4685 

56 

60. 

1.8667 

99 

79.8 

2.4812 

57 

60.6 

1.S812 

100 

80.3 

2.4907 

53 

61. 1 

1.8985 

125 

89.7 

2.7871 

59 

61.6 

1.9156 

150 

98.3 

3.0519 

60 

62.1 

1.9324 

175 

106 

3.3019 

61 

62.7 

1.9458 

200 

114 

3.5088 

62 

63.2 

1.9620 

225 

120 

3.7500 

63 

63.7 

1.9780 

250 

126 

3.9683 

64 

64.2 

1.9938 

275 

133 

4  1353 

65 

64.7 

2.0093 

300 

139 

4.3165 

66 

65.2 

2.0245 

350 

150 

4.6667 

67 

65.7 

2.0396 

400 

160 

5.0000 

68 

66.2 

2.0544 

450 

170 

5.2941 

69 

66.7 

2.0690 

500 

179 

5.5866 

70 

67.1 

2.0864 

550 

188 

5.8511 

71 

67.6 

2.1006 

600 

197 

6.09x4 

72 

68.1 

2.1145 

700 

212 

6.6038 

73 

68.5 

2.1313 

800 

227 

7.0485 

74 

69. 

2.1449 

900 

241 

7.4689 

75 

69.5 

2.1583      ; 

1000 

254 

7.8740 

76 

69.9 

2.1745      ! 
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CHAPTER  XL 

FLOW  OF  WATER  THUOUGH  OBIFICE8L 

200.  Motion  of  the  Individiial  Particles.— If  an 

aperture  is  made  in  the  bottom  or  side  of  a  tank,  filled  with 
water,  the  particles  of  water  wiU  move  from  all  portions  of 
the  body  toward  the  opening,  and  each  particle  flowing  out 
will  arrive  at  th^*  aperture  with  a  velocity,  F,  dependent 
upon  the  pressure  or  head  of  water  upcm  it^  and,  as  we  shall 
see  her'^ftef,  upon  its  initial  ])osition. 

201.  Theoretical  Yolnme  of  Efflux. — If  we  assume 
the  fluid  veins  to  pass  out  through  the  orifice  parallel  with 
each  other,  and  with  a  velocity  due  to  the  head  upon  each, 
and  the  section  of  the  jet  to  be  equal  to  the  area,  8y  of  the 
orifice,  then  the  theoretical  volume,  or  quantity,  Q^  of  dis- 
charge will  equal  S  x  V=  S  V2gH;  ^ being  the  head  upon 
the  centre  of  the  orifice,  and  g  the  acceleration  of  gravity 
jx»r  s(»cond  =  32.2  feet.  We  have  then  for  the  theoretical 
volume 

Q  =  8  V^gS. 

'i{\'i.  Converging  Path  of  Particles.— The  particles 
are  observed  to  approach  the  orifice,  not  in  parallel  veins, 
but  by  cuiTed  converging  paths,  and  if  the  partition  is 
"/7/,/72,"  the  convergence  is  continued  slightly  beyond  the 
partition,  a  distance  dependent  upon  the  velocity  of  the 
pai-ticles. 

*>():$.  Classes  of  Orifices.— If  the  top  of  the  orifice  is 
b(»n(»atli  the  surface  of  the  water,  the  orifice  is  termed  a  sub- 
merged orifice,  and  if  the  surface  of  the  water  is  below  the 
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I  of  the  orifice,  the  notch  \b  termed  &  "  weir."     We  are 
"now  to  consider  submerged  orificea. 

204.  Form  of  Subnierg:ea  Oriflee-jet.— In  Pig.  20 
ia  sbowD  a  submerged  circular  orilice  in  thin  partition. 


In  Fig.  21  are  delineated  more  clearly  the  proportions 
of  the  issuing  jet  at  the  contracted  vein,  or  veim  contrnctd, 
as  it  was  termed  \>y  Newton.  The  t'orm  of  the  conti-acted 
vein  has  been  tlie  subject  of  numerous  measurements,  and 
as  the  result  of  late  experiments  writers  now  usnally  assign 
to  the  thwe  dimensions  FK,  /k,  and  TJ,  the  ratios  1.00, 
0.7854,  0.498,  as  mean  proportions  of  circular  jets  not  ex- 
^»eding  one-half  foot  diameter. 

205.  Riitio  of  Minimum  Section  of  Jet.— The  par- 

Icles  of  the  jet  that  arrive  at  tlie  centre  of  the  orifice  have  a 

■ction  parallel  with  the  axis  of  tlie  orifice.    The  particlea 

at  arrive  near  the  i)erimeter  have  converging  directions, 

and  since  they  have  individually  both  weight  and  velocitj', 

they  have  also  individual  force  or  momentum  in  their  direc- 

^  tions.     This  force  must  be  deflected  into  a  new  direction, 

■^d  as  it  can  be  most  easily  deflected  throngh  a  curved 
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path,  the  caire  is  contiiined  until  the  particles  have  paral- 
lelism. The  point  where  the  direction  of  the  particles  is 
parallel  is  at  a  distance  &om  the  inside  of  a  small  aqiuuie- 
edged  orifice*  equal  to  about  one-half  the  diameter  of  the 
orifice,  and  the  diameter  of  the  jet  at  that  point  is  equal 
to  about  0.7854  of  the  diameter  of  the  orifice.  The  cross- 
si^rion  of  a  circular  jet  at  the  same  point  has  therefore  a 
mt^n  ratio  to  the  area  of  the  orifice  as  i  0.7854)*  to  (1.00)-, 
or  as  0.617  to  1.00. 

206.  Volume  of  Efflux* — If  the  velocity  due  to  the 
head  upon  the  center  of  the  orifice  is  the  mean  velocity  of 
all  the  particles  of  the  jet  then  we  have  for  the  volume  of 
discharge, 

Q  =  0.617  S  xr,OTQ  =  0.617  >S  V2gH.  (2) 

The  real  volume,  Q,  of  the  jet,  and  its  ratios  of  velocity 
and  of  contraction,  have  been  the  subjects  of  many  obser- 
vations, and  have  engag»*d  the  attention  of  the  ablest  ex- 
iw^rinunitalists  and  hydraulicians,  fix^m  time  to  time,  during 
rniinv  vears. 

'i07.  Coefficient  of  Efflux.  —  In  every  jet  flowing 
through  a  tliin  oritice  there  is  a  reduction  of  the  diameter 
of  the  JHt  immediately  after  it  jesses  the  orifice.  Some 
fractional  value  of  the  area  *S.  or  the  velocity  V^  or  the 
tlie  thfr.Hjretical  volume  Q.  must  therefore  be  taken — ^that  is, 
th*^y  must  be  nmltipliH<l  by  some  fraction  coefficient  tocom- 
I>^'nsate  for  the  reduition  of  the  theoretical  volume  of  the 
j**t.  This  fractional  coefficient  is  termed  the  coefficient  <f 
discharge.  Place  the  symbol  c  to  represent  this  coefficient, 
and  the  formula  for  volume  of  discharge  becomes 


Q  =  cS  \-2gn.  (3) 

208.  Maximum  Velocity  of  the  Jet.— The  point 

where  tne  mean  velocity  of  the  i)articles  is  greatest  is  in  the 
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ist  section  of  the  jet,  and  liere  only  can  it  approximate  tO' 
y2yU.  The  mean  velocity  will  be  less  at  the  entrance  to- 
pe oritice,  and  also  after  passing  tlie  contraction,  than  in 
pe  contraction.  When  speaking  of  the  velocity  of  the  par- 
Icles  or  of  tlie  jet  hereafter,  in  connection  with  oritices,  the- 
~maximum  velocity — tliat  is,  tlio  velocity  in  the  contraction 
— is  referred  to,  unless  otherwise  specially  stated. 

309.  Factors  of  the  Cuefiicieiit  of  Efflux.— If  the 
edges  of  the  orifice  are  square,  the  circumferential  particles 
of  the  jet  receive  some  reaction  from  them  ;  therefore  only 
the  axial  particles  can  have  a  velocity  equal  to  V2gH.  and 
the  mean  velocity  is  a  small  fraction  leas. 

In  sacli  case  the  general  coefficient  of  discharge  \.r\  will 
be  the  product  of  two  factors,  one  n'prescnting  the  reduc- 
tion of  velocity,  and  tlie  other  the  reduction  of  the  giK'tional 
area  of  the  jet. 

We  shall  have  occasion  to  investigate  these  factors  after 
we  have  determined  the  value  of  the  general  coefficient. 

210.  Practical  Use  of  a  Coefficieiit.~The  usefulness 
of  a  cot^cient.  when  it  is  to  be  applied  to  new  conqmta- 
tions,  dejiends  upon  its  accord  with  practical  results. 

All  new  and  successful  hydraulic  constructions  of  oiig 
inal  design  must  have  their  i)rQi>ortions  based  upon  com- 
putationa  previously  made.  Those  computations  must  be 
founded  upon  hydrodynaraic  formulse  in  which  the  co- 
efficient performs  a  most  irajiortant  office.  In  fact  the 
skillful  application  of  fnrniuljp  to  hydraulic  designs  de- 

pends  upon  the  skillful  adaptation  of  the  one  or  more  co- 

Sufficients  therein. 

^P  The  coefficient  product  adopted  must  liarmouize  vrith 
tesults  before  obtained,  practically  or  experimentally,  and 
the  parallelism  of  all  the  conditions  of  the  old  or  exjjeri- 
meiital  structure  and  tlie  new  design  cannot  be  too  closely 
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Bcmtinized  when  an  experimental  result  is  to  control  a  new 
design  for  practical  execution. 

*^11.  Experimental  Coefficients. — ^A  few  experimental 
results  are  here  submitted  as  worthy  of  careful  study. 

From  Michelotti.  —  The  following  table  of  experi- 
ments with  square  and  circular  orifices,  by  Michelotti,  we 
find  quoU^d  by  Neville.*     They  refer  to  a  very  carefolly 

4 

made  set  of  exi)eriments,  with  an  extensive  apparatus 
specially  prepared,  near  Turin,  where  the  apparatus  was 
supplied  with  the  waters  of  the  Doire  by  a  canal. 

The  table  is  given  by  Neville  in  French  measures,  but 
they  are  given  here  as  we  have  reduced  them  to  English 
measures. 

TABLE     No.     41. 

Coefficients  from  MicHELOTrrs  Experiments. 


Description,  and  Sizk  of  Okificb, 
IN  Fekt. 


'  Depth  upon 
the  center  of 
the  ori6co 
in  feet. 


Square    orifice,    3.197"   ><  3  ^97"    . 
--  .071  square  foot  section. ...  1 


Squareorifice,2. 13156"  a  2  13156" 
=  .0315  square  foot  section  .  . 

I 
Sq.    orifice,    1.06578"  x  i.c/)578"  1 

—  .0079  "^qi^'ire  foot  section.  . 

Circular  orifice,  3.197"  diameter  | 
-   05577  square  foot  section.. 

Circular   orifice,  2.13156"  diam. 

—  0.2477  square  foot  section..  ! 

i 

Circular  orifice,   1.06578"   diam. ! 
=  .0062  square  fool  section. . .  i 

I 

Circular  orifice,  6.378'  diameter.  1 


(Quantity 

discharged  in 

cubic  Tieet. 


561.240 
685.762 
625.652 

741  036 
502.931 

604.362 
399. 266 
512.650 
466.500 
IQT.940 
198.300 
681.500 
657.130 
691.200 
631.090 
591.610 

713.700 
696.700 

299.449 

392.370 

538.158 


Time  of 

discharg[e  in 

seconds. 


ResultioK 

coefficients 

of  dischaife. 


600 
720 
510 
600 
300 
360 
900 
900 
600 
1800 

1440  I 
3600  ! 

900  j 

720 

480 
1800 
1680 
1200 
3600 
3600 
3600 


.619 
.619 
.610 
.611 
.612 
.613 
.660 
.645 

•643 
.628 

.612 
.625 
.611 
.6to 
.612 
.616 
.605 
.605 
.619 
.620 
.621 
.619 
.619 


♦  Hydraulic  Tables,  by  John  Neville,  C.  E. ;  M.RI.A.,  London,  1888. 
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From  Abbe  Bossat. — ^Prom  exi)eriments  made  by  the 
Abb^  Bossnt  we  have  the  following  results,  as  reduced  to 
BiDglish  measures : 

TA  BLE     No.    42. 

Coefficients  from  Bossut's  Experiments. 


Dbscription,  Position,  and  Sizb  of  Orifice, 

in  inches. 


Lateral  and  circular,  .53289"  diameter 

*•       1.06578"        **        

"     •    ••  •*        .53289"        "        

"  "       1.06578"        **        

"       1.06578"         "        

Horizontal  and  circular,  .53289"  diameter 

"       1.06578"        '*        .    ... 

**  "      2.13156"        "        

Horizontal  and  square,  1.06578"  x  1.06578". . . . 

"        "         2.13156"  X  2.13156" 

Horizontal  and  rectangular,  1.06578''  x  .26644''. 


Depth  of  the 

Discharjg^e, 

centre  of 

in  cubic 

the  orifice, 

feet  per 

in  feet. 
9.59 

minute. 

1.096 

9  59 

4-344 

4.273 

.723 

4.273 

1.952 

.0529 

.341 

12.54 

1.255 

12.54 

5.040 

12.54 

2a  201 

12.54 

6.417 

12.54 

25.717 

12.54 

1.593 

Resulting 
cuetficiem. 


.613 
.617 
.616 
.619 
.649 
.614 
.617 
.6t8 
.617 
.618 
.613 


From  Rennie* — We  have  also,  from  experiments  of 
Rennie  with  circular  and  square  orifices,  under  low  heads, 
the  following : 

TABLE     No.    43. 

Coefficients  for  Circular  Orifices. 


Heads  at  the  centre 

of  the  orifice, 

in  feet 

Hnch 
diameter. 

.671 

.653 
.660 
.662 

4  inch 
diameter. 

finch 
diamdter. 

I  inch 
diameter. 

Mean  Valuer 

I 

2 

3 

4 

.634 
.621 
.636 
.626 

.644 
.652 
.632 
.614 

.633 
.619 

.628 
.584 

1        -645 
'         .636 

!         .639 
•         .621 

M<^alns- 1 .  •  •  t . . . 

.661 

.629 

.635 

.616 

.635 
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Coefficients  for  Rfctangular  Orifices. 


Heads  at  the 

oeotre  of  gravity, 

in  feet. 

a  Inches  wide 
x»  inch  high. 

i|  inches  wide 
x|  inch  high. 

Bqullateral 

Sangleof 

X  squaxe  inch, 

base  down. 

Sanetriugli^ 
wldibsseapi. 

I 

2 

3 
4 

.617 

.635 
.606 

593 

.617 

.635 
.606 

.593 

.663 
.668 
.606 

.593 

1 

— ^                  1 

•593 

.596 
.577 
.572 
•593 

Means 

.613 

.613 

.632 

.593       ! 

.585 

From  Castel. — In  1836,  M.  Castel,  the  accoinplished 
hydraulic  engineer  of  the  city  of  Toulouse,  made  with  care 
certain  experiments  by  request  of  D' Aubuisson,  to  determine 
the  volume  of  water  discharged  through  apertures  in  thin 
partitions. 

He  placed  a  dam  of  thin  copper  plate  in  a  sluice  which 
was  2.428  feet  broad,  and  in  the  plate  opened  three  rectan- 
gular apertures,  each  3.94  inches  wide  and  2.36  inches  high. 
Tlie  distance  between  the  orifices  was  3.15  inches.  The 
flow  took  place  under  constant  lieads  of  4.213  inches  above 
the  centres  of  gravity  of  the  orifices,  with  contractions  as 
follows : 


One  orifice  open. 


I 


r  Coefficient  for  the  middle 6198 


right 6192 

I  "  "       left .6194 

(  Coefficient  for  the  two  outsides 6205 

Two  orifices  open.  ■<  *'  •*       middle  and  right 6205 

i  •*  "  "  "    left 6207 

Three  orifices  open,  coefficient  for  all 6230 

Subsf^quently,  he  exi)erimented  with  two  orifices,  1.97 
inches  wide  and  1.18  inches  high,  with  results  as  follows: 


Head. 


3379 


6.693 


No.  of  orifices  open. 


il 


Coefficient 


.621 
.622 


.619 
.621 


r 
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When  more  than  one  aperture  was  open  in  these  exper- 
iments of  Castel,  the  volume  of  water  discharged  induced 
considerable  velocity  In  each  of  tlie  supplying  shiices. 
riiia  actually  increased  the  effective  head.  Its  effect  is  here 
recorded  in  the  coefBcient  instead  of  in  the  head,  conse- 
quently an  incn^aaed  coefficient  is  given. 

In  such  cases  the  real  head  is  the  observed  head  in* 
creased  by  the  head  due  to  the  velocity  of  appmach  = 


\ 


i/  + 


From  Lespiiiasse. — Prom  among  experiments  on  a 
larger  scale,  the  following  by  Les]iinasse,  with  a  sluice  of 
the  canal  of  Languedoc,  are  of  interest : 


\ 


TABLE     No.    44. 
Coefficients  Obtained  bv  LtspiNASSE. 


CoRfF.CltsT. 

Bmdlh. 

Wright. 

Ar- 

Kr     F^. 

F«t. 

Sq./ll. 

F,^. 

Ci.*fr/«*. 

m    " 

.641 

■    " 

1.640 

■     " 

i.sog 

6466 

138.937 

.641 

i.575 

6.7!!3 

I3.5S6 

128.764 

.647 

1     " 

6394 

83.948 

.616 

B    " 

1.575 

6.723 

6.SI7 

79.857 

■  594 

i    " 

•-S7S 

6.717 

6480 

8;.!  19 

P  From  Gen.  Ellis.— GJen.  Theo.  G.  Ellis  has  reimrted 
in  a  paper*  presented  to  tlie  American  Society  of  Civil 
Engineers,  the  results  of  some  experiments  verj-  carefully 

,  conducted  by  him  at  the  Holyoke  testing  flume  in  the  sum- 
mer of  1874. 

*  Hfilranlic  Experimebta  with  Large  Apettaree.    Jonr.Am.  Boc.  Civ.  I 
876,  Vol.  V,  p.  19. 
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The  coefficients  for  the  minimam,  mean,  and  mazimiim 
velocities  are  given  to  indicate  generally  the  range,  and  tiie 
results  obtained  by  Gten.  Ellis. 

The  volume  of  water  discharged  was  determined  by 
weir  measurement,  and  computed  by  Mr.  James  B.  Fran- 
cis' formula. 

The  edges  of  the  orifices  were  plated  with  iron  about 
one-half  inch  thick,  jointed  square. 

Vertical  Aperture,  2  ft.  x  2  ft 

Minimum  head,  2.061  feet.      Coefficient,  .60871  \  Centre  of  aperture,  1.90  feet 
Mean  "        3.037    "  "  '59676  >•  above  top  of  weir. 

Maximum    "       3.538    "  **  .60325  )  Temp,  of  water,  73*  Fah. 

Vertical  Aperture,  2  ft  horizontal  x  i  ft.  vertical. 

Minimum  head,   1.7962  feet.    Coefficient,   .59748  J  Centre  of  aperture,  240  feet 
Mean  "        5.7000    **  "  .59672  J-  above  top  of  weir. 

Maximum    •*      11.3150    "  "  60572  )  Temp,  of  water,  76°  Fah. 

Vertical  Aperture,  2  feet  horizontal  x  .5  feet  vertical. 

Minimum  head,    1.4220  feet.     Coefficient,   .61165  1  Centre  of  aperture,  2  15  feet 
Mean  "        8.5395     **  "  .60686  >•  above  top  of  weir. 

Maximum    "      16.9657    **  •*  .60003  )  Temp,  of  water,  76"  Fah. 

Vertical  Aperture,  i  ft.  x  i  ft. 

Minimum  head,    1.4796  feet.     Coefficient,   .58230  \ 
Mean  '*         9.8038     **  "  59612  > 

Miixinium     *'       17.5647     '*  '*  59687  ) 

Horizontal  Aperture,  i  ft.  x  1  ft.  and  Slightly  Submerged 

Issue. 

Minimum  head,   2.3234  feet.     Coefficient,    .59S71  ) 

»f  ..        c       /     ..  u  r  r      {   I^op  surface  of  orifice  .441 

Mean  *         8.ckj26     '*  "  60^01  r 

.-     .  «        o       A     .1  .«  r  \       feet  above  crest  of  weir. 

Maximum     "      18  4746     "  "  .f)05i7  ; 


I^oRizoNTAL  Aperture  (in  plank)  with  Curved  Entrance  and 

Slkjhtly  Submerged  Issue. 

•  iinimum  head,    30416  feet.     CoeJicicnr,   .95118  ) 
Mean  *'      10.5398     "  "  94246 

Maximum     "      182180     "  "  94364 


(  Issue  about  level  with  crest 
i      of  weir. 


[The  range,  and  results  generally,  of  Gten.  ElUa'  experi- 
nts  with  circular  vertical  orifices,  are  indicated  by  the 
following  extracts  Irom  his  extendi-d  tables : 
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TABLE     No.     4B. 
Coefficients  for  Circular  Orifices,  obtained  by  Gen.  Ellis. 


I 


.5  foot. 


r.7677  feet 
5.8269     " 
9.6381     " 

1. 1470  feel. 
10.S819     ■' 
17.7400     " 

3.1516  feet. 
17.2650    " 


.60915 
.6.530 

■57375 
■S943I 
■S9994 

.59626 


212.  Coefficients  Diugiiiiunied. — Tlie  coefficients,  as 
developed  by  the  several  experimenters,  seem  at  firat  glance 
to  be  very  fitful,  and  withont  doubt  the  apparatus  used 
varied  in  cliaracter  as  inucli  as  the  results  obtained 

To  arrange  all  the  sf'riea  of  coefficients  that  appeared  to 
have  been  obtained  by  a  reliable  inetliod,  in  a  systx'matic 
manner,  we  have  plotted  all  to  a  scale,  taking  the  heads 
for  abscisses  and  the  coefficients  for  ordinates,  Tlie  curves 
thus  developed  were  bi'ouglit  into  tlieir  proper  relations, 
side  by  side,  or  interlacing  each  otlier. 

Tlien  we  were  able  to  plot  in  tlie  midst  of  those  curves 
the  general  curves  due  to  each  class  of  orifice  under  the 
several  lieiwis,  and  tho3i>  apparently  due  to  the  law  govern- 
ing the  flow  of  water  through  submerged  orifices. 

From  these  curves  we  have  prepared  tables  of  eoefflcieiita 
for  various  rectangular  orifices,  with  greatest  dimension. 


FLOW  OF  WATER   THROUGH 

bMCb  koiiBontal  and  vertical,  with  ratios  of  sides  Tarying 
fruoi  0^125  to  1,  to  4  to  1,  and  for  heads  varying  from 
OjJ  feiK:  to  50  feet. 

The  curves  increase  from  those  for  very  low  heads  lap- 
Klly  as  the  heads  increase,  until  their  maxima  are  reached, 
theu  decrease  gi-adually  until  thoir  minima  are  reached, 
aiul  then  again  increase  very  gradually,  the  head  in- 
vrwising  all  the  time.  This  increase,  and  decrease,  and 
iucrt^ai^e  again  of  the  coefficients,  arranges  them,  when  thus 
j»K>tti\i,  into  two  curves  of  opposite  flexure,  and  with  all 
iho  curves  tending  to  pass  through  one  intermediate  point. 

^t3.  Effect  of  Varjlng  the  Head,  or  the  Proiwr- 
tknis  of  the  Oriflee.  -The  effect  of  increasing  or  decreas- 
ing the  head  uiK)n  a  given  orifice  is  clearly  shown  by  the 
^^vt'ral  columns  of  coefficients  in  Tables  46  and  47. 

Vho  effect  of  increasing  or  decreasing  the  ratio  of  the 
Uise  to  the  altitude  of  an  orifice  will  be  manifest  by  tracing 
i\\K'  lines  of  coefficients  horizontally  through  the  two  tables, 
U»r  nwy  given  head. 

These  effects  should  be  duly  considered  when  a  coef- 
JU*ient  is  to  be  selected  from  the  table  for  a  special  appli- 

The  coefficients  apply  strictly  to  orifices  with  sharp, 
»H|UHn'  edg(*s,  and  witli  full  contraction  upon  all  sides.  The 
lu^tds  n^for  to  the  full  head  of  the  water  surfiace,  and  not  to 
(ho  depn^ssed  surface  over  or  just  in  front  of  an  orifice  when 
I  ho  luMid  is  small. 

A  vtMT  slight  rounding  of  the  edge  would  increase  the 
vuolllcit^it  materially,  as  would  the  suppression  of  the  con- 
^inrliou  upon  a  portion  of  its  border  by  interference  with 
I  ho  (Mirve  of  approach  of  the  particles. 
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TABLE     No.    46. 

Coefficients  for  Rectangular  Orifices. 
In  thin  vertical  partition,  with  greatest  dimension  vertical. 


Brbadth  and  Hkight  of  Orifice. 


Head  upon 

4  feet  bigb, 

s  feet  high. 

x^  feet  hish, 

\       I  foot  wide. 

1 

I  foot  high. 

centre  of  onfice. 

I  foot  wide. 

I  foot  wide. 

X  foot  wide. 

FetL 

6 

Co^ffici<ni. 

Coefficient 

Coefficient, 

Coefficient. 

•7 
.8 

•9 

m     m     m     m 
•     •     •     • 

•  •  ■  • 

•  •  •  • 

•     •     ■     • 

■     •     •     • 

•  •  •  • 
.6051 

I 

.6076 

.6050 

1-25 

.6072 

.6046 

•  1.50 

.6093 

.6068 

.6043 

17s 

.6090 

.6065 

.6041 

2 

.6086 

.6062 

.6039 

;   2.25 

.6083 

.6060 

.6037 

2.5 

.61CO 

.6080 

.6057 

•6035 

2.7s 

.6095 

.6077 

•605s 

.6034 

3 

.6091 

.6073 

.6052 

.6032 

35 

.6083 

.6067 

.6048 

.6028 

4  • 

.6077 

.6062 

.6044 
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;il4.  Peculiarities   of  Efflux  from  an  Orifice.— 

I  Fig.  32,  contaiiiiug  a  liorizontat  orifice,  the  horizontal 
p  catUng  a  has  an  altitude  above  the  orifice  equal  to  3.5 
ameters.  and  the  horizontal  line  cutting  e  equal  to  10 
iaraetere  of  the  orifice.     Aa  the  altitude  of  Uie  water  bot- 


—reryl 

Hbesistj; 


face  above  a  square  orifice  increases  from  very  low  heads  to 
the  level  a,  the  particles  continually  find  new  advantage  or 
less  hindrance  in  their  tendenty  to  flow  out  of  the  orifice, 
possibly  by  decrease  of  the  vortex  eflTect  accompanying 
-TCry  low  heads  over  orifices  nearly  square ;  afterwards  the 
jBistancp  increases  up  to  the  altitude  e,  possibly  by  more 
active  reaction  from  the  inner  edges  of  the  orifice,  is^ 
'until  gravity  is  enabled  to  gather  the  .jet  well  into  a  body 
and  establish  firmly  it'^  path.  For  altitudes  greater  than 
ten  diameters  the  coefficients  for  square  orifices  remain 
■nearly  constant. 
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Similar  effects  are  obeeired  when  the  oiifioes  are  rectaa- 
gles,  other  than  squares,  though  their  first  change  oocius  it 
different  depths. 

These  phenomena  are  not  fiillj  accounted  fur  hy  ex- 
periment 

215.  Mean  VelcM?ity  of  the  Issuing  Particles.- 
We  have  heretofore  a^^somed  in  our  theoretic  equaticns, 
that  all  the  fiarticles  of  water  hcde/g^  Fig.  22,  wiU  arrive 
at  the  point  f if  greatest  contraction  of  the  issuing  jet  with  a 
velocity  equal  to  tliat  which  a  solid  body  would  have  ac- 
quired by  falling  freely  from  e  to  o,  which*  according  to  the 
the  theorem  of  Torie*^lli.  and  its  demonstrations  frequently 
repeated  by  other  eminent  philosophers,  would  be  equal  to 
%  a  J II.    H  being  equal  to  the  height  e  o. 

Tlie  experiments  of  Mariotte,  Bossut  Michelotti,  Ponce- 
let,  Pou^^seile.  and  others,  covering  a  large  range  of  areas  of 
oriticr\  and  of  li»^d,  show  that  this  is  very  nearly  correct; 
and  the  vehvity  of  issuf  of  the  axial  i>articles  has  in  some 
of  the  exjx^rim«*nts  apjiean^  to  slightly  exceed  the  value  of 
♦  "i^H.  An  avera^*  of  exi>eriment:5  gives  the  mean  velocity 
of  the  ]<irtiolt*s  as  a  whole  tlirough  the  minimum  section  as 
.074  s  e  //. 

rih  ii  dynaniio  efftxn  if  applied  to  work  should  have 
.i>74  s :?  //  instoad  of  i  2.//  a.<  the  factor  of  velocity. 

V,Mt».  ri>ortieieiits  of  Velocitj*  and  Contraction.— 
Wo  havo  tin  n.  ..^74  for  mean  coefficient  of  velocity^  indi- 
rcitiui:  a  loss  iM'  .^W  ixT  cent,  of  theoretic  volume  or  dis- 
y'\\\\v^^  In  n\lnotion  of  voKxitv  :  .637  for  mean  coefficient 
tM'  ro  J  nrtio  .,  inilii  atinc  a  Iv^ss  of  36,3  percent  of  theoretic 
>ohnn«^  In  ootunution  :  aiiil  (>^  nt*arlv  for  mean  coefficient  of 
niisx'hnr.u^  inohhlinc  all  loss^-^,  a  total  of  about  38  per  cent 

V\w  k\maXw\k^\\x  of  voKvity  wo  will  desognate  by  c^  and 
;lu*  i^H'thoiiMit  of  oontnuMion  bv  c... 
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r 

^^    Then  c,  x  Cr  =  c  =  coefficient  of  discliarge  or  volume, 

^H    t217.  Velocity  of  Pai-ticleH  Df-'peudeut  uiton  tlieir 

^^pi^Tular  PoHitiuii. — Bayer  assumed  tiie  hypotliesis  that 

^^■e  velocities  of  the  particles  approaching  the  orifice  from 

^Hl  aides  are  inversely  as  the  squares  of  their  distances  from 

^^B  centre,  but  this  should  undoubtedly  be  applied  only  to 

^Buticles  in  some  given  angular  position. 

^H    Gravity  will  not  act  with  equal  force  in  the  direction  of 

^Kte  orifice,  upon  each  of  the  particles  e,f,  g,  and  h,  Pig.  22, 

though  they  are  all  equally  distant  from  o,  but  more  nearly 

in  the  ratios  of  the  cosines  of  the  angles  eoe,  eof,  eog,  etc., 

and  it  is  not  probable  that  the  particle  h  will  acquire  a 

velocity  at  its  maximum  through  the  conti-action,  quite 

equal  to  that  which  e  will  acquire.    If  the  velocity  of  e  is 

assumed  eqiuil  to  unity,  and  the  mean  velocity  of  all  the 

particles  equal  to  .974,  then,  according  to  the  hypothesis  of 

the  angular  distance,  tlie  mean  velocity  will  be  that  dne  to 

X>articles  having  their  cosines  equal  to  .974,  or  an  angular 

distance  of  13',  as  at  h  and/. 

•318.  Eqiiiitiuii  of  Voliuue  of  Efflux  from  u  Sub- 
merged Oriflce. — Neville  suggests  a  formula*  for  the 
discharge  of  water  from  rectangular  orifices,  more  theoreti- 
cally exact  than  the  above  simple  formulas,  as  follows : 


^=cv^*.3A(<A±iai^*iiM) 


(4) 


ihen    D  =  volume  of  discharge, 
A  =  area  of  orifice, 

k  =■  head  upon  the  centre  of  the  orifice, 
d  —  depth  of  the  orifice,  or  distance  between  its 

bottom  and  top, 
0  =  coefficient  of  discharge. 

'    *  Tblid  EdlUon  at  Hydraalic  Taiihf,  pt^ge  48     London,  18TS.    Abo  vU» 
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This  formula  can  be  advantageously  applied  when  the 
oriticxi  is  lai;ge  aud  but  slightly  submerged,  as  is  frequentlj 
tlie  wwe  wiLli  sluice  gates  controlling  the  flow  of  wattr  from 
storage  reservoli-H  or  canals  into  flumes  leading  to  water- 
wheels,  or  with  head-gat«s  of  races  or  canals. 

Good  judgment  must,  however,  be  exercised  in  each  caac 
in  the  selectiou  of  tlie  coefficient  of  velocity  (c.)  and  the  co- 
eflicient  of  contraction  {c,),  the  factors  of  c,  especially  the 
coefficient  of  coiiti-action  (§  216),  which  is  usually  much  the 
most  influential  of  the  two.  (Vide  §370,  p.  360.) 

219.  Elft'ft  iif  Outline  of  S>-mmetrical  Oriflcei 
upon  ESlitv. — According  to  the  various  series  of  experi- 
ments, the  coefficient  for  a  circular  orifice  under  any  given 
head  is  substantially  the  same  as  for  a  square  orifice  under 
the  same  head,  and  it  is  probable  that  the  coefficients  for 
elliptical  orifices  is  substantially  the  same  as  tliat  for  their 
circumscribing  rectangles. 

330,  Variabli)  Value  of  Coeffioieuts.— The  coeffi- 
cients obtained  by  careful  experiment  and  recorded  above, 
as  also  tables  of  coefficients,  indicate  unmistakably  that  the 
Talue  of  c  in  the  equation 

is  a  variable  quantity,  and  that  a  general  Tnean  coefficient 
mnnot  be  used  universally  when  close  approximate  results 
an'  di>siit>d,  but  tliat;  for  a  particular  case,  reference  should 
rilwavH  )>t>  made  to  a  coefficient  obtained  under  conditioQS 
sJmihvr  to  that  of  the  case  in  question. 

'i'ii.  AHMunit'd  Mfuiii  Volume  of  Efflux. — In  ordi- 
imry  iiiiproxiiimtii  calculations,  and  in  general  discussions 
i)f  ftirnnihiH  for  squnn^  and  circular  orifices,  whether  the  jet 
Ikniii'H  horizontally  or  viTtically,  it  is  customary  to  as^^ume 
|),im  UN  llh'  mlio  of  the  actual  to  the  theoretical  volume  of 


^btiuus 
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This  makes  tbe  equatiou  for  ordinary  calcu- 


Q  =  mS^-2gH,  or  g  -  .62A'7. 


(5j 


i 


The  expression  for  effect  of  acceleration  of  gravity  (2,7") 
being  a  constant  quantity,  may  be  combined  witli  the  en 
■fficieut,  when  (.62  V-2g  =  4.9725)  we  have  the  equation 


0  =  4  9725.S'  VH,  or  ax>proximately,  Q  =  5.S  VH. 


l6j 


Q  being  the  discliai^*  in  cubic  fet^t  in  one  second,  it  will  bi^ 
multiplied  by  6()  to  determine  the  discharge  in  one  minute, 
and  by  3600  to  determine  the  discharge  in  one  hour. 

2*ia.  Circular,  and  otlior  Forms  of  Jets. — A  cir- 
cular apertnn',  witli  full  contraction,  gives  a  jet  alwaya 
circular  in  section,  until  it  is  broken  up  into  globules  by 
the  effects  of  the  varying  velocities  of  its  molecules  and  tin- 
resistance  of  the  air.  Through  the  ^enA  coniractd  its  form 
is  tliat  of  a  trancAted  conoid. 

Polygonal  and  rectangular  orifices  give  jets  that  continu- 
ally change  their  sectional  forms  as  they  advance. 

Pig.  22(7,  from  D' A  ubuisson*  s  Treatise  oh  Hydraulics, 
illustrates    the    transformationa   of  pm  2a«. 

forms  of  a  jet  from  a  square  orifice, 
ACEO.  The  jet  is  square  at  the 
entrance  to  the  a])erture,  assumes 
the  form  hcdefglm  a  short  distance 
in  front  of  it,  and  the  ffirm  a'c'e'g  a 
lort  distance  further  on,  and  con- 
Inues  to  assume  new  forms  until 
it(*  solidity  is  destroyed.  Symmetrical  orifices,  without  re- 
entrant angles,  give  symmetrical  jets  that  assume  symmet- 
lical,  varying  sections. 

Star-shaped  and  irregular  orifices,  upon  close  observa- 


I"" 


\ 
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tioii,  are  found  to  give  Tety  oomplez  fonns  of  jets.  Their 
coefficienlB  of  dBax  have  not  heesi  foil j  developed  by  ex- 
periment. 

S33.  Cylindrical  and  Dhrersent  Oriflces.— In  Fig. 

23  and  Fig.  24  showing  CTlindrical  and  direigent  orificesi 
if  the  diameters,  t>,  of  the  orifices,  are  greater  than  the 

Fic.  ai  Fir-  :J4  Fte.  35L  Fig.  36. 


thick!le^6  of  the  partitions,  the  coefficients  of  discharge  will 
r^'iuain  the  same  as  in  thin  plate.  In  snch  cases  the  jets 
•vill  pass  through  the  orifices  without  touching  thenu  ex- 
c--p:  at  the  t^dges^  <>.     Siicli  ^^rifioes  are  als4i  termed  thin. 

*i-i4.  Conver«rin«:  Orific^^s.— In  Fk.  25  and  Fiir.  26, 
showing  oou verging  orifioes  in  thin  partitions,  if  thediam- 
rTrrs.  (<.  arv*  taken,  tlie  ooeffici»^nts  will  be  reduced  to  .58.  or 
a  little  less :  bat  if  tri-^  diaru'-ters.  of^  are  taken,  tht*  co- 
effi .  irn:s  will  K-  inorv-as^'d  nearlv  to  .£^X  and  will  be  ereater, 
for  ar-v  ^rivr-n  vn-lxnrr.  in  pn^portion  as  the  forms  of  the 
orltices  appnxn:h  to  the  form  of  :lie  perfect  rewd  coniractdy 
for  tha:  Tr-l>:irv. 

When  :he  •.i; -verging  sides  of  the  orifice  in  Fkr.  25.  pnv 
*  ".^^1,  me>:ir  an  an^>  of  lv\  the  «»^fficient  should  be 
-'«■;:  .;>3,  ai?:  when  in  Fig  2t?  the  ^M^^  *>f  the  orifice  are  in 
the  form  cf  the  cend  coUr.icid.  the  coelBcieiit  sboold  be 
about  .as* 


\ 


v^' 


235.  An  Ajutage. — If  a  cylindrical  orifice  is  in  a  parti- 
tion wliost*  thickness  is  equal  to  two-and-one-lialf  nr  three 
times  the  diameter  of  the  orifice  ;  or  if  the  oritice  ia  a  tube 
of  length  equal  to  irom  two  and  one-half  to  three  interior 
diameters,  then  the  orifice  is  termed  a  short  tube,  or  ajutage. 
The  sides  of  ehort  tubes  may  \>g  parallel,  dhergeiit,  or  co«- 
rergent. 

226.  Increase  of  Coefficient. — Tliei-e  is  an  inSaence 
affrcting  the  flow  of  water  through  sliort  cylindrical  tubes, 
Fi^.  28,  sufficient  to  increase  the  coofflcient  materially,  tliat 
dres  not  appear  when  tlie  flow  is  through  thin  j)artition. 
The  contraction  of  the  jet  still  occurs  as  in  the  flow  through 
tliin  partition,  but  after  the  direction  of  the  particles  has 
become  parallel  in  the  nenA  contracld,  a  force  acting  from 
the  axis  of  the  jet  outward,  together  witli  the  reaction  from 
the  exterior  air,  begins  to  dilate  the  section  of  the  jet  and 
to  fill  tlie  tnbe  again.  The  tube  is  in  consequence  again 
filled  at  a  distance,  depending  upon  the  ratio  of  the  velocity 
to  the  diameter,  of  about  two  and  one-half  diameters  from 
the  inner  edge  of  the  orifice.  The  axial  particles  of  the  jet, 
not  receiving  so  great  a  proportion  of  the  reaction  fi-om  the 
edges  of  the  orifice  aa  the  exterior  particles,  obtain  a  greater 
Telocity.  A  portion  of  their  force  is  transmitted  to  their 
surrounding  films  through  diveigent  lines,  and  the  velocity 
of  the  exterior  particles  within  the  tube  is  augmented,  and 
the  section  of  the  jet  is  also  augmented,  until  its  cii-cumfer- 
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ence  touches  the  tube.  At  the  same  time,  the  transmission 
of  force  from  the  axis  toward  the  circumference  tends  to 
equalize  the  velocity  of  the  particles  throughout  the  section, 
and  to  materially  reduce  their  mean  velocity,  and  conse- 
quently the  coefficient  of  velocit}',  c,. 

Til.  AJutagre  Vacuum  aud  its  Effect.  —  Immedi- 
ately upon  the  issue  of  the  jet,  beyond  the  contraction,  the 
velocity  of  the  particles  tends  to  impel  forward  the  imi)ris- 
oned  air,  and  as  soon  as  the  tube  fills  to  cause  a  vacuum* 
about  the  contraction.  The  full  force  of  gravity  is  here  act- 
ing ujwn  the  jet  in  the  form  of  velocity ;  the  jet  is  therefore 
without  pressure  in  a  transverse  direction. 

As  soon  as  the  exterior  of  the  jet  is  relieved  from  the 
pressure  of  the  atmosphere  about  the  contraction,  its  par- 
ticles are  deflectt^d  to  parallelism  with  less  force  and  in  a 
shortt^r  distance  from  the  entrance  to  the  aperture,  and  the 
contraction  is  consequently  lessened ;  also  the  pressure  of 
the  atmosphere  uj^on  the  ivservoir  surfSeu^  tends  to  augment 
tht»  velocity  of  entry  of  the  particles  into  the  ai)ertun' 
toward  the  vacuum,  and  atmospheric  pressure  equally 
n^sists  tlie  issue  of  the  jet,  the  combined  eflfect  resulting  in 
tlio  ex|MUision  of  the  jet. 

?\!S.  liiort*ascMl  Volume  of  Efflux. — If  the  cvlin- 
drioiil  tulv  tomiinau^  at  the  point  where  the  moving  par- 
tiolis  n>rtoh  the  oinnimfei^nce  and  fill  the  tube,  and 
K^foi>^  tl\o  rf\u^u>rt  ^n>-v  iJi^  riVfokfuess  of  the  interior  of 
/*,  ftihf  h.is  Kvun  5!<Misibly  to  ciMinteiact  the  accelerating 
foivr  of  jrnivity,  tho  ca|>aoity  of  disc haige  is  then  found  to 
Ix^  tnr!»rtr^Hl  ."ilvut  twenty -fivo  jvr  cent*  and  the  mean  co- 
otHouMU  Nvonu^s  ,S1^  ,HppT\^\^niate1y,  or  if  the  tube  projects 
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nto  the  reseiToir,  .73,  instead  of  .62,  as  in  the  orihce  in  thin 
"plate.     We  have  now  for  the  volume  of  water  discharged, 
in  cubic  feet  per  second, 

Q  =  .815  SV'2y~if,  or  ©  =  .815  SF,or  Q  =  QMS  \^H.      (1) 

If  till?  section  of  the  tube  is  expressed  in  terms  of  the 
diameter,  in  feet  or  fractional  parts  of  feet,  then  since  8  = 
.7854;?',  the  equation  will  become 


6.54{.7854(f0  *''^^  =  5.137d'  VW. 


(2) 


I.  Iniiterft'ot  Vacuum. —  K  the  tube  is  of  less 
length  than  above  indicated,  so  that  the  vacuum  is  not 
p-rfect.  the  conditions  of  flow  and  the  coefficient  will  be 
similar  to  that  through  thin  plate ;  and  if  the  tube  is  length- 
ened, the  flow  will  be  reduced  by  reaction  trom  tlie  interior 
of  the  tube,  in  which  case  the  tube  will  be  termed  a  pipe. 


330.  Divergent  Tubt*. — When  a  short  diverf/ent  tvbe, 
Fig.  29.  is  attaclied  by  its  smaller  base  to  the  inside  of  a 
plane  partition,  the  phenomena  of  dischai^  will  be  similar 

tthat  through  an  orifice  in  tliin  plate,  unless  a  vacuum 
ill  be  established  about  its  contraction,  as  in  the  case  of 
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short  cylindrical  tubes.  This  can  only  occur  when  tlie 
dj?ei:gence  is  Blight,  or  the  velocity  great. 

For  ordinary  cases,  the  mean  coefficient  oF  discharge 
through  square-edged  divergent  tubes  may  be  taken  as  .68, 
but  it  is  subject  to  considerable  variation  in  tubes  of  small 
divergence,  as  the  divergences,  the  ratio  of  length  to  diam- 
eter, and  the  vehicity  of  flow  or  head  varies. 

When  a  vacuum  takes  place  in  a  divei;gent  tube,  the 
discharge  exceeds  that  from  a  cylindrical  tube  with  diam- 
eter equal  to  the  smaller  diameter  of  the  divei^nt  tube, 
and  the  coefficient  of  volume  may  then  even  become  greater 
than  unity. 

331.  Coiiver^reiit  Tube. — When  a  short,  convergent 
tube,  Fig.  30,  is  attached  by  its  larger  base  to  tbe  inside  of 
a  plane  partition,  and  its  coefficient  of  How  with  a  perfect 
vacuum  is  determined  for  its  diameter  of  entrance,  as  above 
in  the  cases  of  thin  plate,  cylindrical  and  divergent  tubes, 
then  the  coefficient  of  volume  will  be  found  to  decrease  as 
the  angle  of  convergence  increases. 

Contraction  will  take  place  as  in  thin  plate,  until  the 
angle  of  convergence,  that  is,  the  included  angle  between 
the  sides  produced,  exceeds  13°,  and  a  vacuum  will  also  be 
produced  ;  but  the  exterior  of  the  jet  will  reach  the  inner 
circumference  and  fill  the  tube  at  a  sliorter  distanee  from 
the  point  of  least  contraction,  as  the  angle  increast>a,  and 
the  augmenting  effect  of  the  vacuum  will  be  reduced, 

332.  Additional  Contraction. — There  is  always  an 
additional  contraction  just  after  the  exit  of  the  jet  from 
convergent  tubes. 

The  coefficient  of  discharge  will  remain  in  excess  of  the 
coefficient  for  thin  plate  until  the  second  contraction  equals 
that  in  thin  plate,  after  which  tbe  coefficient  will  be  less 
than  for  thin  plate. 
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V      333.   Coefficients    of  Convergent   TuIhjb. — In  the 

following  table  are  given  the  coefficients  of  discharge  for 

tbe  larger  aud  the  smaller  diameters,  also  of  the  velocity. 

fur  several  angles  of  convergence.     The  tahle  is  based  upon 

careful  experiments  \>y  Castel.     Tlie  length  of  the  tube  was 

2.6  diameters,  and  tlie  smaller  diameter  aud  length  of  tube 

remained  constant 

TA  BLE     No,    48. 

■               Castel's  Experiments  with  Convergent  Tubes. 

f                               Smallest  diameter  =  .05085  feet. 

i^^.-^. 

Snwllcr  dJimctcc. 

Velocity.                         1 

C«fi^!,,t. 

CttfiiUnL 

CnJUitnl.                     1 

0"      0' 

0.8.9 

0.829 

0.830                          ■ 

1°    36' 

8q9 

866 

866 

3°    lo' 

786 

89s 

894 

4      lo' 

771 

912 

910 

5°    2f' 
7      52 

747 
691 

924 
929 

920 
93 » 

8°    58' 

671 

934 

94» 

10°    ao' 

647 

9S^ 

950 

13°       4 

611 

942 

955 

13°  14' 

597 

946 

902 

14°    i8' 

S77 

941 

966 

16°    36' 

545 

938 

97' 

19"    aS' 

501 

924 

970 

31°        0 

480 

9.8 

971 

J3=      0' 

4S7 

9^i 

974 

29"    58 

390 

896 

975 

40"    to' 

3'9 

869 

980 

48°    50' 

.276 

847 

984                          f 

The  coefficients  for  the  larger  diameter  have  been  com- 

puted from  the  remaining  data  of  tbe  table  for  insertion 

here. 

a:J4.   Increase   and    Decrense    of   Coefficient    of 

Smaller  Diameter.— When  the  coefficient  of  volume  is 

.*-  fc. 
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Fio.  32. 


Veuturi  expfi-imented  with  various  forms  and  propor- 
lons  of  compound  tubes,  and  observed  remarkable  i-esiilta 
produced  by  certain  of  them,  which  apparently  augmented 
the  foR*e  of  gravity. 

With  a  tube  similar  to  Fig.  32,  but  with  less  perfect 
contraction,  having  tlie  included  angle  of  tlie  divergent  tubn 
etjual  to  5°  6,  the  smallest  diamet^T  equal  to  0.1109  feet, 
and  the  length  equal  to  nine  diamet^'rs,  the  coefficient,  com- 
puted for  the  smallest  diameter,  when  flowing  under  a  con- 
stant head  of  2.89  feet,  was  1.46,  or  about  2.4  times  that  of 
an  equal  orifice  in  thin  plate. 

ass.  roeffioIeiitM  of  Cimii pound  TuIr's.— Otherforma 
of  compound  tubes,  with  conical  divei^ng  ajutages  of  dif- 
ferent lengtlis  and  angles,  gave  residts  as  follows : 


¥ 


TABLE     No.    49. 
Experiments  with  Divergent  Ajutaob. 


AnrT«w. 

C„.,„ 

AjlfTAGt 

All(i.. 

Lnvtb. 

Aoffle. 

Length. 

Ftft. 

mi. 

5>; 

0.364 

0-93 

5:44; 

.82 

4*3»' 

1.055 

.B6s 

4"3»' 

1.S08 

■147 

.91 

<  ": 

1,34 

.147 

At 

5-«' 

0577 

I.tB 
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239.  Expertmeuts  irith  Cylinclricul  and  Comi 
poiiucl  Tubes. — The  following  table  gives  interestiug  re- 
Bults  of  experiments  by  Eytelwein  witli  both  cylindrical 
and  compound  tubes. 

He  first  experimented  with  a  series  of  cylindrical  tubes 
af  difiFerent  lengths,  but  of  equal  diameters ;  he  then  placed 
between  the  cylindrical  tubes  and  the  reservoir  a  conical 
converging  hibe  of  tlie  form  of  the  vend  coniracid,  and 
repeated  the  experiments ;  and  afterwards  added  also  to 
the  discharge  end  a  conical  diverging  tube  with  5°  &  angle, 
Pig.  33. 

Fio.  33. 


TABLE     No.     80. 
Experiments  with  Compound  Tubes. 


0.038 

0.0033               0 

63 

1. 000 

■0853 

62 

-367 

3.000 

■=5S9 

943 

12.077 

1.0302 

77 

870 

a4-i5iS 

3.0605 

73 

«03 

36233 

3.0907 

741 

48,273 

4.1 '76 

63 

687 

60.116 

S-"479 

60 

64a 

The  diameter  of  the  tube  Pwas  0.0853  feet,  and  the  flow 
took  place  under  a  computf^i  average  head  of  2.3642 
The  mean  bead  was  computed  by  the  formula. 
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2{VJi-Vk)j 


h)  which  ^=  maxunnm  head,  A  =  miiiiinuBQ  head,  J?'  = 
mean  head. 

»40.  Tendency  to  Vacuiini.^The  effect  of  the  per- 
cussion of  the  axial  particles,  tending  to  produce  a  vacuum, 
.  and  of  the  eiihirgement  of  the  circumference  of  the  jet  in  D, 
is  apparent  nntU  tlie  length  reaches  thirty-six  diameters, 
and  18  greatest  at  three  diameters  length,  though  still  less 
than  with  Fig.  28,  because  the  surface  of  contact  of  the  jet 
against  the  tulw  is  greater. 

341.  Percussive  Force  of  Particles. — The  percns- 
Kve  effect  of  particles  of  water  in  rapid  motion  is  illustrated 
hy  another  experiment  of  Ventu- 
ri's,    with    apparatus    similar  to 
Fig.  34. 

A  is  a  high  tank  kept  filled 
with  water,  and  ('  is  a  smaller 
tank  iit  its  base,  full  of  water  at 
the  beginning  of  the  experiment. 
P  is  an  open-topped  pipe  placed 
in  the  small  tank,  and  has  holes 
pierced  around  its  base,  so  that 
the  water  in  C  may  enter  it  freely 
and  rise  to  the  level  c.  From  J.  a  s 
into  P. 

L'pon  the  tube  e  being  opened,  the  whole  body  of  water 
in  P  i^  set  in  motion  and  begins  to  flow  over  its  top,  and  the 
L|lK)dy  of  wafer  in  C  is  drawn  into  the  pipe  P  through  the 
terforations,  and  the  surface  of  t?will  be  seen  to  fall  grad- 
Uy  from  r  to  rf,  until  air  can  enter  through  tlie  perfora- 
tfons  and  destroy  the  partial  vacuum  in  P. 


1  tube,  f,  leads  a  jet 
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For  a  clear  concejition  of  the  effect  of  the  particles  of  tie 
jet  upon  the  particles  in  P,  imagine  all  the  particles  and 
the  appamtus  to  be  gi-eatly  uiaguitied,  so  that  there  will 
appear  to  be  a  jet,  c,  of  balls,  like  billiard  balls,  for  illus- 
tration, tlirough  a  mass,  P,  of  similar  balls. 

243.  RangT  of  a  Set  of  EjlelweiiiV  Experiments. 
— In  the  last  table  (No.  60),  there  apjiears  the  mean  c<>ef- 
fieients  due  to  several  distinct  classes  of  apertures,  viz. : 
0.63  due  to  a  tube  orifice  or  orifice  in  thin  plate,  with  lengUi 
equal  to  0.038  diameters ;  0.82  due  tct  a  short  c//UndricaT 
tube,  with  length  equal  to  3  diameters  ;  0,943  due  to  lessened 
contraction  by  the  convergent  entrance,  with  length  equal 
to  3  diametei-s  ;  and  1.107  (which  in  more  perfect  form  of 
compound  tiibe-Ke  havefiiund  to  be  l.46j  due  to  convergent 
entrance  and  diveigent  exit,  with  length  equal  3  diameters. 

There  also  appears  the  increase  of  coefficient  from  orifice 
to  short  t)ihe,  and  then  the  gradual  i-eductiou'  of  all  the 
coefficients  by  increase  of  length  of  tube  (into  pipe)  from  3 
to  60  diameters  long. 

These  phenomena  cannot  tail  to  be  of  interest  to  studenta 
in  that  branch  of  natural  pliilosophy  wliicli  n'lates  to  hydro- 
dynamics, and  the  practical  liydraulician  cannot  afibrd  to 
overlook  their  effects. 

243.  Cyliiulrical  Tubes  to  be  Preferred.— There  is 
rarely  occasion  for  the  practical  and  honest  use  of  the 
divergent  tube,  when  its  object  cannot  better  be  accom- 
plished by  a  slightly  increased  diameter  of  cylindrical  tube. 
The  cajiability  of  the  diveigent  ajutage  to  increase  the  dis- 
charge from  a  given  diameter  of  orifice,  was  known  to  the 
ancient  philosophers,  and  to  some  of  the  Koman  citizens  who 
had  grants  of  water  from  the  public  conduits,  and  D'Au- 
bnissoa  states  that  a  Roman  law  prohibited  their  use  withiii 
624  feet  of  the  entrance  of  the  tube. 


J 
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FLOW  OF  WATER  THHOUUH  PIPES,   UNDER  PRESSURE. 

344.  Pipe  and  Conduit. — A  cylindrical  tube  intended 
I  convey  water  under  pressure  is  termed  a  pipe  when  its 
^length  exceeds  about  three  times  its  interior  diameter ;  or 
I  Immediately  after  its  length  has  become  sufficient  for  the 
I  completion  of  the  vacuani  about  the  jet  flowing  into  it. 

A  long  pipe  constructed  of  masonry  is  tt-rmed  a  conduit, 
and  wlien  it  is  a  contitiuons  tube,  or  composed  of  sections 
'  of  tnbea  with  their  axes  joined  in  one  continuous  line  and 
adapted  to  convey  water  under  pressure,  it  is  tenued  a  main 
jfipe,  sub-main,  branch,  wasie,  or  service  pipe,  according 
to  its  ofHce. 

a45.  Short  Pipes  give  Greatest  Discliarge. — Tlie 
greatest  possible  discharge  through  a  cylindrical  tube,  due 
to  a  given  head,  occurs  when  its  lengtli  is  just  sufficient  to 
allow  of  the  completion  of  the  vacuum  about  the  contrac- 
tion of  its  jet  at  the  influence,  if  its  inHuent  end  is  then 
sufficiently  submerged  to  maintain  the  pipe  fall  at  the 
issne. 

In  the  discussion  of  short  tubes  (§  328),  we  have  seen 
that  their  coefficient  of  discharge  is  increased  from  0.62 
(that  for  thin  plate)  to  a  mean  of  0,81fi.  There  is  still  a  loss 
of  eighteen  per  cent,  of  the  theoretical  volume,  due  chiefly 
I  to  tlie  contraction  of  the  vein  at  its  entrance  to  the  tube, 
',  frotn  which  results  a  loss  of  velocity  and  a  loss  of  energy  as 
the  jet  expands  to  fill  the  tube. 
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LOSS   OF    FORCE,    OR    EQUIVALENT    HEAD,  AT 
THE    ENTRANCE    TO    A    PIPE. 

246.  Theoretical  Volume  fkt>m  Pipes.— Let  A,  Ilg. 
S5,  be  a  reservoir  coutaining  water  one  hundred  feet  deep  = 
//,  to  the  level  of  its  liorizontal  effluent  pipe,  P.  Let  the 
pipe  P  be  one  foot  in  diameter  =  d. 

Ihen  the  theoretical  volume  of  discharge  will  equal 
VigHy.  .7864d*  =  63.028  cubic  feet  j)er  second  ;  but  when 
die  pii)e  is  three  diameters  long  (=3  feet),  the  real  discharge 
according  to  experiment  will  be 


Q  =  .815  %2glfx  .7854d*^ 
61.40  cubic  feet  jier  second. 
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\aA  V  n^pn^sik^nt  the  theoretioal  veloQity;  then  will  the 


U>tal  \wx\A  \l 


•V 
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lii't  r  rt>prt^s<'nt  tho  nu>asured  velocity  of  diaohaige,  and 


\  tl\e  ho:ul  ihHVss.srv  to  i^MloraIe  r,  then  %  = 
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347.  Mean  Efflux  fVuni  Pipes.— The  sectioa  of  the  jet, 
having  expandpd  beyond  the  contraction  issaes  with  a  diam- 
eter equal  to  that  of  the  tube,  and  the  coefficient  of  velocity, 
<-.,  is  consequently  equal  to  the  coefficient  of  discharge,  c, 
which  is,  at  a  mean,  .815  and  the  theoretical  velocity  V  = 

—  =  -Qje  =  80,35  feet  per  second. 

348.  Subdivision  «f  the  Head.— The  total  liead  H, 
acting  upon  a  short  cylindrical  tube,  consists  of  two  por- 
tions, one  of  wliich,  =  66^  per  cent,  of  U,  generates  r  = 
.815  V  =  66.4  feet  per  second.  The  remaining  33^  per  cent, 
of  H  acts  in  the  form  of  pressure  to  overeonie  the  resistance 

of  entry  of  tlie  jet  into  the  tube.     Let  h'  be  the  equivalent 

of  the  neutralized  velocity. 

The  head  due  to  w  is  7t  =  ~- ,  =  66.5  feet  in  tlie  above  as- 
2f/ 


-  the  head  due  to  v  ii 


The  ratio  of  S'  to  h  is  therefore  (-^  —  ]j  =  .5055  for  tliis 

^49.  Mechaiiicnl  Effet't  of  the  Efflux.— Since  the 
_  .yuamic  force  of  the  jet  is  as  the  effective  liead  acting  upon 
^  the  loss  of  .5oC  of  h  is  a  matter  of  importance,  e3j>e- 
'^J  ly  in  cases  of  short  pipes. 

"The  theoretical  velocity  being  =  -^r^,    the  theoretical 
^    ^"^^  of  the  jet.  under  the  same  assumed  conditions,  is  v^  .^ 
^-  y.  Q  y.  w  =  321250  foot  pounds  per  second  =  584.00 
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H.P. ;  w  rppiesentiiig  the  weight  in  pounds  (=  02.34)  per 
enbic  foot  of  the  water,  and  Q  the  Tcdnme  or  quantity  of 
water  in  cubic  feet  per  second* 

The  energy  Bj  due  to  r,  is  expressed  hj  the  eqnalioi^ 

B=f^xQxw  (S| 

4UI  213631.2  foot  pounds  per  second  =  38a42  BiP. 

The  loss  of  energy'  from  the  quantity  of  water  Q  during 
the  efflux  in  one  second,  being  proportionate  to  the  loss  of 
head,  is, 

(l?'<l!-D^«»=(^-i)|'<«-  w 


s=  107618.75  foot  pounds  per  second  =  195.67  J3LP. 

25CK  Ratio  of  Resistance  at  Entrance  to  a  Pipe. 

—The  ratio,  .505.  of  h  to  h^  is  very  nearly  a  mean  for  tubes 
wluv>o  t^dgt^  are  square  and  jfiush  in  a  plane  partition.  K 
tbo  oiitraiKV  of  the  tube  is  w^ll  rounded  in  trompet-mouth 
fornu  oonv^ix^iuiini:  t«>  the  form  of  the  rend  coniractd,  the 
oi^^^ffioitMit  of  veKvin-  *\  will  be  increased  to  about  .98,  and  the 

nuio  of  n^isianoi^  will  bei»me  T^ — ll  =  .(V412,  equal  in 

this  i\K<<^  Fie.  tVi  to  about  f 'ur  feet  head,  and  the  head 
x\vM  oan  Iv  made  available  for  work  will  equal  ninety-six 

riu^  ilisculvnnt:^^^^  of  The  ^-^rjiiv  edges,  as  inspects  both 
>  ohr.uo  avtii  vh  na:v.:o  fv^nv,  *■>  ar'rajv^ni*  This  resistance  of 
<Mitr\  of  \hc  v^:  ir,:o  a  :v.K\  irV;i>>n--  ratio  of  head  we  have 
*^otornun<\^  is  fv^rvv.  .^r  :?>  t\r.;:TaleTiT  head  irrecoverably 
loM  Its  i^u-^xin-iv^v.^  for  a  c'v.r.  !:oad  orcors  when  the  tube 
is  aKMit  tl*i>N^  .iiar.":o:ors  ".oViC.  ihe  velivity  being  then  at  its 
ina\inn>n>.  an*!  tV:ortvi:^t  r  ^r>  v<i>,:t*  is  reduced  as  the  pipe  is 
lovuihei><\i*  an^i  \xi;V.  tbo  <k;v*Art'  of  the  velocity. 
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RESISTANCE    TO     FLOW     WITHIN    A     PIPE. 

351.  ttesistuitee  of  Pipe-wall. — We  have  heretofore 
fonsidi'red  the  whole  liead  H  as  applied  to  aad  entirely 
otilized  iu  overcoming  the  resistance  of  entry  of  the  jet  into 
the  pipe,  and  in  generating  the  velocity  among  the  particles 
of  the  jet. 

We  will  now  consider  the  resistances  within  the  pipe  and 
its  appendages,  and  the  portinn  of  the  velocity  that  mast  be 
converted  into  hydraulic  pressure  to  overcome  them. 

:i32.  CoiiverMioii  of  Velocity  into  Pressure. — If 
the  pipe  P,  Pig.  35,  of  three  diameters  length,  be  extended 
as  at  P*,  a  new  reaistauce  arising  within  the  added  length 
acts  upon  the  jet  and  again  peduces  the  volume  of  flow,  A 
portion  of  the  velocity  of  the  jet  is  converted  into  working 
or  hydraulic  force,  and  is  applied  to  overcome  the  rosistanees 
presented  within  the  pipe,  and  the  proportion  of  the  velocity 
thus  consumed  is  almost  directly  proportional  to  the  length 
added  of  the  pi]X!,  of  the  given  diameter. 

353.  Coefficients  of  Efflux  from  Pipes.— The  effects 
upon  tile  volume  of  discharge  through  a  given  pipe  conse- 
quent upon  varying  its  length  will  be  apparent  upon  iiis]]ec- 
tion  of  a  table  of  coefficients  of  efflux,  c,  due  to  its  several 
lengtlis  resptwtively. 

We  will  assume  the  pipe  to  be  one  foot  diameter,  of 
clean  cast  iron,  when  the  coefficients  determined  experi- 
mentally have  mean  values  about  as  follows : 


TABLE     No.    51  . 
iTTS  OF  Efflux  (r)  for  Short  Pipes. 


t«wtl».faidi«Detcni.. 

. 

•rf 

„ 
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■643 

ICB     til 

ISO 

■4«S 

t 

.440 
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Plotted  as  ordinates,  b^inniiig  with  the   theoretics 
coefficient^  unity,  they  range  themselyeB  as  in  Fig.  36. 

Fio.  86. 
0iaS  to  25 so 75 J##  d25 l$t 

1IT["]  I     Lena-fits     in  H^jLameT^rs:^  \  \ 


L     . 


354.  ReactioiiH  from  the  Pipe-wall. — ^A  &ir  sam- 
pie  of  ordinary  pipe  casting,  a  cement-lined,  lead,  or  glazed 
earthenwai-e  i)ipe  are  each  termed  smooth  pii)es,  but  a  good 
magnifying  lens  rt^veals  upon  their  surfaces  innumerable 
cavities  and  projections. 

The  molecules  of  water  are  so  minute  that  many  thou- 
sands of  thtnn  might  be  projected  against  and  react  from  a 
single  one  of  those  innumerable  projections,  even  though  it 
was  ina])i)r(H*iable  to  tlie  touch,  or  invisible  to  the  naked 
eye. 

A  s<»ri(»s  of  continual  reactions  and  deflections,  originated 
by  th(»  roughness  of  the  pipe,  act  upon  the  individual 
molecules  as  they  are  impelled  forward  by  gravity,  and 
materially  retard  ^  their  flow. 

In  a  givtMi  pijKs  having  a  uniform  character  of  surface, 
th«»  sum  of  the  reactions,  for  a  given  velocity,  is  directly  as 

*  Tilt'  n-HiHtanco  was,  by  tlie  earlier  pliilosioplierp,  attributed  cbiefly  t<)  the 
ftdlienioii  of  the  fluid  particleH  to  the  sides  of  the  pipe,  and  to  the  cohesioa 
anions  the  particles.  Vide  Downinjjf,  who  arcepts  the  views  of  Du  Burnt,  D'Au* 
buisHon.  and  other  eiuinent  authorities.  Practical  Hydraulics,  p.  200.  Lon- 
don. IHT."). 
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its  wall  snriacG,  or  as  the  product  of  the  inner  circumfer- 
ence into  the  length.  Since  in  a  pipe  of  uniform  diameter 
the  circumference  is  constant,  the  sum  of  tlie  ivactions  is 
also  direiMy  as  the  length. 

The  impulse  of  the  flowing  particles,  and  therefore  their 
reactions  and  eddy  influences,  are  tlieoretically  proportional 
to  the  head  to  wliich  their  velocity  is  due,  wliicli  is  propor- 
tional to  tlie  square  of  the  velocity,  or,  in  general  terms,  tlie 
effective  n-actions  are  proportional  nearly* to  the  square  of 
tfie  velocitif. 

The  resistances  arising  from  the  interior  suj-face  of  the 
pipe  are,  therefore,  not  only  as  the  length,  but  as  the 
square  of  the  relocity^  nearly. 

The  effect  of  the  resistances  is  not  equal  upon  all  the 
particles  in  a  section  of  the  column  of  water,  but  is  greatest 
at  the  exterior  and  least  at  the  centre,  or,  in  a  given  section, 
approximately  as  its  eircymference  divided  by  a  function 
of  its  area* 

355.  Origin  of  FomiulUH  of  Flow. — These  simple 
hypotheses  constitute  the  foundation  of  all  the  expressions 
of  resistance  to  the  flow  of  water  in  pii)e8,  as  they  appear  in 
the  varied,  ingenious,  and  elegant  formulas  of  those  emi- 
nent philosophers  and  bydraulicians  who  have  investigated 
the  subject  scientifically. 

256.  Fonnula  «f  Resistance  to  Flow. — Place  R  to 

represent  the  sum  of  all  the  nsistances  arising  from  the 

circumference  of  the  pipe  (excluding  those  due  to  the  entry); 

for  ttie  contour  or  circumference  of  tlie  pipe,  in  feet ;  S  for 

le  section  of  the  interior  of  the  pipe,  in  square  feet ;  I  for 

the  length  of  the  pipe,  in  feet;  and  c  for  the  mean  velocity 

•  The  law  of  tlii'  effecta  nf  the  reeiBtanreB  is  beliered  In  have  been  firel  (or- 
I  oinlatAl  in  the  simple  ulgtlimit  eipresflioiia  imw  lu  general  use,  by  M.  CIikij-, 
bjpxnt  the  year  17T5. 
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of  flow,  in  feet  per  second.    Then  the  resistance  to  flow  is 
expressed  in  equivalent  head  by  the  equation 

Ii  =  ^xlx  (^)2^-  (4) 

237.  CoeflBeient  of  Flow. — In  the  equation  a  new 
coi^ffioient  m  appears,  whicli  also  is  to  b^  determined  by 
expt^riment.  It  is  not  to  be  confoundeci  with  the  c  hereto- 
fore investigated,  but  will  hereafter  be  Investigated  inde- 
pendontly. 

2o8.  Opposition  of  Gravity  and  Reaction.— We 
have  seen  that  gravity  (§  189)  is  the  natural  origin  and  the 
acoi^lomting  force  that  produces  motion  of  water  in  pipes. 

Its  offivt*  if  no  resistance  was  opposed,  would  be  to  con- 
tinually aoct^lerate  the  flow.  On  the  other  hand,  if  itsefiect 
w;is  !\Miun  txi,  the  resistances  would  bring  the  colunm  to  a 
state  of  n^t, 

riio  two  influences  oppose  each  other  continually,  and 
thon^forv  tend  to  the  production  of  a  rate  of  modon  in  which 
thov  balaniv  each  other. 

*^ot>.  Conversion  of  Pressure  into  Mechanical 
EtVtvt, — When  the  motion  has  become  sensibly  constant, 
a  {v^niv^n  of  the  otRvt  of  gravity  that  appeared  as  velocity 
in  :iio  0A«?^?5  of  t^ritivvs  auvl  short  tutes.  or  its  equivalent  in 
t:.o  for:u  of  head  is  consumed  by  impact  upon  the  rough 
vrv.^^v:;o::>  v^f  :I;o  riiv  wall  and  rvactioos  therefrom,  and  the 
r\:::ai!:i"i:  torvv  viuo  :o  cruvtty  or  head  is  ptodmrnigthe 

•JlUK  Ht\4surt^  of  Kesistance  to  Flow-— The  effect 

v^f  !V.o  ^v  >*>%;•  -V  :^\  ::^  ;»   r:A:r.  rcre,  when  discharging 
\^,i,vr  rV:v  ,^  r*:*^rv  -r,  as  'v.  P.^.  ?T,  raav  be  oleerved  br 
ji::;iv.*'.r..c  .^  >*:  r:<^  v^f  'i  >;sc>v,>^  ^a*.:c:*s  ac  inHerralsL  or  bv  at 
Vw^/'.v.vc  r,  >»:*rii^  sfv^xvr.w-w:  vrvs^  :&sat  »»:  p«  etc. 


I  If  the  end/  of  the  pipe  is  closed,  water  wiU  stand  in  all 
lie  vertical  pipes  at  tlie  same  li>vel,  aJc,  as  in  the  resei-voir. 
If  the  diameter  of  the  pipe  is  Dniform  tliroughout  its 
length,  and  the  flow,  the  full  capacity  of  the  pipe,  then 
■|ratj?r  will  stand  in  the  several  vertical  pipes  np  to  the  in- 
clined line  ay;  provided  tliat  the  top  of  ^3  be  closed  so  that 
there  may  be  a  tendency  to  vacunm  at  «,,  and  provided  also 
that  n  is  not  more  than  thirty  feet,  or  the  height  to  which 
the  pressure  of  the  atmosphere  can  maintain  the  pipe  fnll, 
above  the  line  a/,  at  n'. 

When  /  is  an  open  end  discharging  into  air.  and  the 
Tacuum  at  n  is  not  maintained,  an  will  be  the  total  eflTec- 
tive  head,  and  the  portion  of  the  pipe  Tif  wlU  be  only  parti- 
ally filled. 

'^61.  Resistance  Decreases  as  the  Square  of  the 
Velocity.— If  the  discharge  of  the  pipe  is  throttled  at  /,  by 
&  partial  closing  of  a  valve,  by  a  contraction  of  the  issue,  or 
by  diversion  of  the  stream  into  other  pipes  of  less  capacity, 
•nd  a  portion  of  the  velocity  is  in  consequence  converted 
hito  pressure  equivalent  to  the  head/"/,  thpu  the  resistance 
will  be  lessened  as  the  square  of  the  velocity  decreases,  and 
water  will  stand  in  the  vertical  pipes,  or  the  gauges  will  in- 
dic^t4^  the  inclined  line  a"/'.  Tins  is  the  usual  condition  of 
mains  in  public  wat*;r  supplies. 
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262.  Increase  of  Burstingr  Pressare. — One  effect  of 
throttling  the  discharge  is  seen  to  be  an  increase  of  bursting 
pressure  upon  the  pipes,  which  is  greater  when  the  exit  is 
entirely  closed  than  when  there  is  a  constant  flow,  and  which 
decreases  as  the  velocity  increases,  though  a  sudden  clos- 
ing of  a  valve  against  a  rapid  current  will  probably  prore 
disastrous  to  an  ordinary  pipe  that  is  fully  able  to  sustain 
a  legitimate  pressure  due  to  tlie  head. 

2(>:t.  Aceelerjitiou  and  ReHistance. — Let  ab  (Pig.  38) 
be  a  vertical  pijie  discliarging  water  from  a  reservoir  A, 
maintained  always  full.    If,  before  the  water  entered  the 


Fig.  38. 
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pipe,  a  single  particle  liad  been  dropped  into  its  centre  from 
</,  the  velocity  of  movement  of  the  particle  would,  in  conse 
queiice  of  the  efft^ot  of  gravity  ujK)n  it,  have  been  constantly 
accelerated  through  its  whole  passage  along  the  axis. 
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Its  velocity,  when  it  had  reached  ft.  wouJd  have  been 
equal  to  S'igll,  when  H  represents  the  vertical  height  ab 
in  feet. 

Tile  greater  the  height  nb  the  greater  the  sum  of  the  ac- 
celemtions  by  gravity,  and  also,  if  the  pipe  is  flowing  y'y^Z, 
the  greater  the  length  ah  the  greatt»r  the  sum  of  the  resist- 
ances acting  upon  the  column  of  water  to  retard  it. 

^(i4,  Equatinii  of  Iloail  Keqiiired  to  Overcome 
the  I{<'si»tiince.— fjet  i"  be  the  velocity  of  tlie  jet  issuing 
from  b.  7>  the  head  to  which  v  is  due,  and  7i"  the  head  act- 
ing upon  tiie  resistance  R,  and  m  a  coefficient. 

Then  the  ratio  of  tlie  amount  of  the  force  of  gravity,  or 

equivalent  head,  }i'\  converted  into  hydraulic  pressure  to 

balance  the  resistances  witliin  the  given  length  of  pipe,  and 

for  the  given  head,  is  to  the  head,  h,  producing  the  velocity 

C  )•*        v' 

as  -„  X  ?w  X  ;q-  to  ,x-  :   hence  the  equation  of  resistance 
8  ^g       Hg'  ^ 

head  is 

K       265.  DesiiTHiitioiiN  of  /i"  and  /.—In  long  pipes  the 
Kfotal  head,  H=  h  +  7t'  -v  h". 

H  The  head,  or  charge  of  water  K'  acting  upon  the  resist- 
V^ances,  is  the  vertical  height  of  tlie  surface  of  tlie  resei-voir, 
lew  the  height  an'  —  h  {Pig.  38i,  necessary  to  generate  the 
velocity  r,  and  also  less  the  height  a" a!  =  h'  necessary  to 
overcome  the  resistance  of  entry,  above  the  centre  of  the 
diBchargiog  jet  at  the  exit ;  or  if  the  discharge  is  into 
another  body  of  water,  above  the  surface  of  the  lower 
^■body. 

The  length  J!  to  be  taken,  is  the  actual  length  of  the  axis 
i  the  pipe. 

In  topographical  surveys  tlie  chain  is  held  horizontal, 


234  FLOW   OF    WATER    THROUGH    PIPES. 

and  the  distauce  df  is  in  plotting  expreeaed  bj  its  projec- 
tion  a'A-,  but  for  pipes  the  true  ratio  y  is  -^. 

Then  whatever  the  position  or  direction  of  the  pipe  a'&, 
or  o/y  or  if^  or  (mf  (abstracting  for  the  present  any  resist- 
ance of  curvature ),  the  equation  of  K'  measures  the  resistance 
unless,  in  the  case  of  a  pipe  discharging  near  to  its  full  capa- 
city, an  upward  curve,  ti^  shall  rise  more  than  thirty  feet 
above  the  line  of  hydraulic  mean  gradient  df^  when  A"  is 
to  be  taken  in  two  sections,  first  fix)m  d  ton  vertically,  and 
second  from  ntof  vertically  reduced  by  the  effect  of  the 
vacuum,  if  any,  or  as  a  simple  channel  without  pressure  if 
tlie  length  nf  does  not  fill. 

2GG.  Variable  Value  of  ##i.— In  the  equation  of  h\  (6), 
we  have  the  coeflBcient  ;;?,  whose  several  values  are  to  be 
deduced  from  actual  measurements  of  the  flow  of  water 
through  pipes,  and  whose  governing  conditions  are  to  he 
clost^v  observed  aod  studied. 

The  physical  conditions  of  various  pipes  are  so  different 
that  special  coefficients  are  required  for  each  class  of  con- 
ditions. 

A  slight  increase  in  the  roughness  of  the  interior  surface 
of  tho  pipe,  occasional  sudden  enlargements  or  contractions 
of  tlie  diameter  of  the  pipe,  and  sudden  bends  in  the  direc- 
tion of  the  pii>e,  may  be  instanced  as  sufficient  departures 
fn>m  tho  conditions  of  straight  pipes  with  uniform  diameters 
and  surfaces  to  materially  modify  the  value  of  its  coefficient 
of  flow. 

'ilJ7.  Investigation  of  Values  of  iii.— For  the  de- 
liM-mination  of  a  sorics  or  table  of  coefficients,  m,  for  fiill 
pi|u*s,  wo  will  sohvt  data  from  published  tables  of*  exper- 

*  UoohorchoH  oxiHTimcnt^Oos  relatives  au  movement  de   I'eaa   danB  !• 
luvuux.     Purii*.  isr>7. 
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iim*nts  by  Henry  Darcy,  made  while  he  was  director  of  the. 
public  wat*?r  service  of  the  city  of  Paris  ;  from*  experiments 
by  0eo.  S.  Greene,  made  wliile  cliief  engineer  of  the  Croton 
Aqueduct  Department  of  New  York  city  ;  from  experiments 
by  Geo.  H.  Bailey,  Esq.,  made  while  cliief  engineer  of  the 
Jei-sey  City  Water-works  ;  from  some  of  the  famous  exper- 
iments of  Du  Buat,  Couplet,  and  Bossut,  which  furnished 
the  chief  data  for  the  elegant  formulas  of  those  eminent 
philosophers,  as  well  as  those  of  Pronyf  and  Eytelwein, 
and  from  other  extended  experiments, 

^68.  Definition  of  Symbols. — By  transposition  we 


(7) 


tides  fall  througli  in  the  given  length,  equal  ^ — ^,  or  tlie 

sine  of  the  angle  of  inclination  iwy,  Pig.  38.  The  inclina- 
tion a'/is  termed  the  ^^siope,"  or  the  hydraulic  Tuean  gra- 
dient,  and  is  usually  designated  by  the  letter  i.  The  point 
a'  is  always  beneath  tlie  surface  of  the  water  a  depth  aa' 
neci*S8ary  to  generate  the  velocity  v  in  the  pipe,  and  to 
overcome  the  resistance  of  entry,  whether  the  pipe  be  in  the 
position  a'f,  if,  or  or\f. 

The  depth  aa!  varies  as  the  velocity  varies,  and  the 
"slope"  /  corresponds  to  an  imaginary  right  line  connect- 
ing the  points  a'  andy. 

The  member  ^,  as  now  inverted  (§  256)  refers  to  the 
ratio  of  the  section  to  the  contour  of  the  given  pipe,  or  to  tlie 

■  Descriptive  Memoir  nf  Ihe  BroiiklyH  Wotfr.workH.  by  Jarai*  P.  Kirk- 
wood.     Vm  NoBlrand,  N.  Y.,  1887. 

t  Vide  Recherahes  Plij-Hici>MiitliFiiiatiqueB  Bur  U  Theorie  da  Moavemenl 
df*  Eaiix  Coamntes,  1801. 
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sectional  area       j*  •    *        j  *i-    «.  j-     » 

^^^^j^g^^^^gj^^j^.    It  IS  termed  the"  mean  radtm,^'0T,r, 

the  cases  of  pij)es  and  channels  partially  filled,  the  hydravr 
lie  mean  depths  and  is  usually  designated  by  the  letter  r. 
The  value  of  r  for  full  pipes  is  always  equal  to  one-fourtii 

of  the  diameter  =  j?  according  to  well-known  properties  of 

the  circle. 

269.  Experiiueiital  Values  of  the  CoeflBcieiit  of 
Flow. — We  have  then,  as  an  equivalent  for  equation  (7i: 

2gri 


m  = 


v" 


or 


_  2gK'S 


is; 


TABLE     No.    82a. 
2n       dh 

4v^        I 

Experimental  Coefficients  (m)  of  Flow  of  Water  in 
CLEAN  Pipes,  under  Pressure. 

Experiments  by  Hamilt<)N  Smith,  Jr.,  (Sheer-iron  Asphaltum-coated  Pipes,) 
at  North  Bloomficld,  California,  where  2^  =  64.29. 


Diameter  =  ti 
in  feel. 

Het4  =  A, 
in  feet. 

I^neth  =  /, 
in  feet. 

6S4.8 

Velocity  =  r. 
in  feet  per  sec. 

Coefficient  =  «. 

.911 

22.650 

10.048 

.00479 

911 

17.S32 

6<)7.o 

8.685 

.00496 

.911    . 

I2.CX)8 

713-9 

6.952 

.00518 

.911 

g.oiS 

6. 115 

.00520 

.911 

6 .  203 

730.6 

4.755 

.00554 

1.056 

22.711 

684.9 

10.755 

.00486 

1.056 

15.519 

699.6 

8.679 

.00499 

i.o«;6 

10  127 

709.2 

6.982 

.00495 

1.056 

4-799 

718.4 

4.612 

.001 132 

1.230 

22.036 

6S4.4 

12.302 

.00419 

1.230 

17.132 

695.6 

10.750 

.00421 

1.230 

ii.«;92 

705.0 

8517 

.00446 

1*230 

8.713 

710.7 

7.334 

.00450 

1.230 

7-813 

712.4 

6.861 

.00459 

1.230 

3-614 

719  9 

4.398 

.00511 

1. 416 

296.1 

4438.7 

20.130 

.00373 

EXPEEIMENTAL  COEFFICIBNTa 


TABLE    No.    8  2. 

XPERIHENTAL    COEFFICIENTS    (m)  OF    FlOW  OF    WATER    IN     C&alt 

PIP.S,  u»i>.«  Pressure,    m  =  'f^  = '^- = '-^  x  -. 

EXPERIMENTS    BY    H.    DARCY    (C«»t.lron    Pipes). 


lafeM.     ■ 

"^f^*"- 

■'Sf^'- 

^ffSU-     « 

cfficieot-an. 

0.2687 

0,066 

388.09 

0.2885 

0104478 

" 

1.742 

1.8399 

0067800 

(t 

3-.U7 

" 

2.5946 

0065508 

" 

13.260 

M 

S1509 

0065850 

" 

39.299 

" 

8.924a 

0065162 

" 

56.01. 

" 

10.7115 

0064320 

a45oi 

0-079 

328.09 

0.4887 

0073054 

" 

.686 

" 

i.'ioai 

0059026 

" 

1.558 

" 

2.5021 

0054960 

" 

54-975 

" 

'5-39i9 

0051240 

^Mji 

0.089 

328.09 

0.6544 

0062884 

1.207 

2.499' 

0058476 

" 

2.641 

" 

3-7 '55 

0057898 

" 

4.3''9 

" 

4-9045 

0055296 

w 

12.500 

•* 

8.2564 

005548a 

" 

47.872 

M 

16.2360 

0054948 

0.975 " 

D.092 

3a8.09 

0-7997 

006880a 

.883 

2-7'34 

0057306 

" 

1.762 

« 

3-7863 

00587Z8 

" 

3-625 

" 

5.4039 

0059314 

" 

7-56= 

'• 

7.8330 

0058890 

- 

13.473 

" 

10.3575 

0060010 

IJ4«7 

0.148 

338.09 

'■3765 

006^950 

.148 

1.4685 

D0553JO 

" 

.197 

" 

'■5549 

0065688 

•394 

2-5954 

0047160 

• 

.853 

" 

3-6637 

005 1 2 16 

" 

.830 

" 

3.6900 

0048536 
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TABLE    No.    88. 
Experimental  Coefficients  (m)  of  Flow  of  Watsr  in  CEm 

Pipes,  under  Pressure,    m  =  ^:v-=  —-• 

EXPERIMENTS    BY   THE  WRITER  (Wrouglit-iron    Cemeni-lined 

Pipe). 


Diameter  =  //, 

Head  =  A", 

Lengtb  — /, 

Velocity  =  V. 

Cofffficimt  r-Mi 

in  feet. 

in  feet. 

in  feet. 

in  feet  per  sec. 

1.6667 

1.86 

8171.O 

0.949 

.006785 

ti 

3.60 

M 

1.488 

•005338 

€i 

5-93 

« 

1-925 

.005254 

U 

8.48 

« 

2.329 

•005133 

4* 

10.93 

U 

2.598 

.005317 

m 

12.91 

u 

2.867 

.005157 

u 

16.28 

u 

3-271 

.004996 

u 

18.60 

u 

3.439 

.005163 

44 

22.22 

a 

3-741 

.005213 

€t 

24.54 

4i 

3.920 

.005243 

U 

25-58 

u 

4.00 

.005249 

a 

26.16 

M 

4.04 

.005262 

TABLE    No.    84. 

EXPERIMENTS    BY    DU    BUAT    (Tin    Pipes). 


0.0889 

.973 

10.401 

5-179 

.004992 

»'< 

1.484 

10.401 

6.334 

.005089 

« 

.0481 

12.304 

0.7717 

•009393 

M 

•375 

12.304 

2.606 

.006424 

U 

1.220 

12.304 

5.220 

.005  207 

M 

.013 

65-457 

0.1411 

.014276 

« 

1.022 

a 

I-77S 

.007091 

U 

^•954 

u 

2.546 

.006585 

TABLE     N 

0.    88. 

EXPERIMENTS    BY    BC 

)SSUT    (Tin  Pt; 

pe«). 

CoSSg 

0.331 

53-284 

1.085 

.001698 

a 

.976 

86.094 

1.979 

.004142 

•  II84I 

.864 

31-956 

2-945 

.005943 

a 

2.066 

191.840 

1.679 

.007282 

u 

1.699 

31-956 

4.308 

.005461 

.178 

.765 

31-956 

3-581 

.005363 

a 

2.019 

191.840 

2.196 

•006270 

u 

1.892 

95-905 

2.250 

.011190 

€€ 

1. 491 

31-956 

5-230 

.004901 

r 

EXPERIMENTAL    COEFFICIEKTS. 
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TABLE     No.    B8. 

IXPERIMENTAL    COEFFICIENTS    («)    OF    FlOW    OF    WaTER    IN     CUan 

Pipes,  under  Pressurk.    m  =  ^^  -,  . 

J 

EXPERIMENTS    BY    COUPLET    (Iron    Pipe. 

»tamelH-rf 

H«ri  =  4", 

L««th  =  A 

Velocity  =  IT.            coe«;~-"'  -  -                      1 

tnlcel. 

i<>r«t. 

i?Io.u 

In  fctl  pel  «c           "-"^ 

0.4439 

0.49* 

74S1.88 

0.178s 

00147s 

1.005 

7481.88 

.2802 

012230 

•4374 

1.484 

7481.88 

■i6('5 

010390 

1.670 

" 

.4258 

008667 

" 

2.130 

" 

.4640 

009309 

2.215 

■4728 

009323 

1.5988 

12.629 

3836.66     1         3-4779       ' 

.007004 

TAB  LE     No.     87. 

EXPERIMENTS    BY    W.    A.    PROVIS.    (Load  Pipea.)                                 | 

ftI25 

2,91666 

ao.oo                6.1495 

006465 

40.00                4-75«8 

005398 

•* 

60.00                3.9032 

005360 

•' 

80.00                3'396i 

005287 

«) 

100.00       1         3-0897 

.005133 

TABLE     No.     58. 

EXPERIMENTS    BY     BENNIE, 

Wilh  glass  pipes  slighily  rouncJuJ  at  ibe  ends. 

"CiioSSJ 

I.O 

1.0 

7.1627 
10.4196 

000653 

000408 

" 

12.9409 

00060 1 

" 

" 

i4.6?4o 

000627 

^=^341666 

l"" 

1.0 

S-''45o 
8.3676 

001672 
001916 

10.0497 

001993 

" 

" 

ii.6ooo 

001994 

■^^6j^ 

l" 

'.f 

5-5487 
8.1852 

004 1 62 

004811 

" 

" 

9.855  > 

003956 

" 

" 

.0.S3.0 

004378 

=»^833 

1.0 

1.0 

6.1028 

004584 

" 

8.5386 

004684 

'■ 

" 

10.8003 

004392 

" 

13.0400       1 

004016 

^^      ^^^ 
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TABLE    No.    80. 

ExPfiRIMSMTAL    COEFFICIENTS    {m)    OF    FlOW    OF    WaTSR    IV    OU 

PiPESy  UNDER  Pressure,    jw  =    v^.  -r  • 


EXPERIMENTS    BY    H.    DARCY.    (Foul  Iron  Pipec) 

0ltmeter  =  4^ 
intMt 

Hold  =  A'', 
in  feet. 

Lengths/, 
inW. 

Vdodty  =  tr, 
in  feet  per  tec 

Coeffideot  s  M. 

an  94 

0.223 

328.09 

0.2669 

.018342 

«« 

.600 

44 

.4273 

.019210 

<« 

2.198 

44 

.8391 

.018735 

«« 

5.003 

44 

1.2494 

.OT8784 

4« 

10.630 

44 

1.8079 

.019055 

44 

13.632 

44 

2.0772 

.018511 

a3638 

0.213 

328.09 

0.4040 

•O1681I 

« 

.820 

*4 

.8242 

•OI555I 

«« 

2.379 

€4 

1.464s 

.014288 

44 

5.282 

44 

2.2226 

•013774 

44 

IO.171 

44 

3-0517 

.014083 

44 

14.879 

44 

3-7434 

.013679 

0.8028 

0.308 

328.09 

1.0080 

.011934 

«< 

.663 

« 

1.4824 

.011878 

4* 

1.552 

44 

2.3218 

•01 1334 

44 

3-773 

44 

3.6283 

.011285 

M 

7.513 

44 

5-0727 

.011494 

f< 

10.499 

44 

6.0169 

.011417 

f< 

13.468 

44 

6.8037 

.011454 

«< 

45-870 

44 

12.5779 

.011415 

TABLE    No.    60. 

EXPERIMENT    BY    GEN.    GEO.    S.    GREENE,    C  &« 

Upon  a  New  York  City  cast-iron  Main.    (Tuberculated.) 
J.O        I     20.215     I     II 21 7.00     I       2.99967       I         .00966 


EXPERIMENT    BY    GEO.    H.    BAILEY,    C.  B, 
Upon  a  Jersey  City  cast-iron  Main.    (Tuberculated.) 


1^667      I    28.1285  29715.00 


1.43795 


.01228 


£XPJ:UUMJ£NTAL   CUKl<TiUli£M'tl 


TA  I 


6  O  .—(Continued.) 


Pipes,  under  PiussuRii. 


rTAL   Coefficients    (m)   of   Flow  of  Watbr   ni   Old 
~  Chf' 

EXPERIMENT    UPON    THE    COL.1NTON     MAIN.* 

Eight  feats  Id  use. 


k" 

H«uJ  =  «" 

'^..=  '' 

Co<>S(d«it  =  .. 

184 
420 

381S 

25765 
29580 

14.500 

5-asa 
£.816 

.004923 
.005556 
^06559 

LAMBETH    WATER    WORKS    MAIM. 


38 


.0059 1  s 
.006229 
.006208 


UVEHPOOl-    WATER    WORKS    MAIN. 
37  1  8140  1  2.644  1  -007633 

CARLISLE    W^ATER    >A'ORKS    MAIN. 
34,5         [  6600  )  3568  I  .006610 

EXPERIMENTS    BY    THE    ■ 


'RITER. 


nlined  wrouglit  i 
Kk  aud  piston  tr 
^e  had  bten  in  1 


1  pipe  (gas  lubingX  ^^^  j'<  uniering  through  a  *io^ 
•.T,  with  cocfficleni  t  =  .58  when  lengths 0.25.  Tht 
one  week,  but  had  rusted  considerably. 


p 

=8-73 

46.70 

8557 

9 

18.964 

.035467 

1 

98-34 

73S 

4.850 

,007636 

9638 

1337 

3'S38 

.007722 

87-33 

3040 

2.712 

.007746 

Bd(  Proceediuga  of  lust  Civ.  Eapaeeia,  p.  4,  Feb.  Olht  18QS,  Loudon. 
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FLi»W    tiF    WATEB  THBi^UirH    PIPES 


TABLE     No 
SoLiEf  ?r  C.:eyFi'::ENrs  of  Flow  {m) 


6  I  . 
OF  VVater  ry  Clean  Pipes 

VeLuCITIES,    AXD    1.V   PiPb 
2^n   S  2J•»^'\ 


v.^.«^ 


I 


> 


> 

m 


t** 


.    Im    '   Z.AS.^    . 

A.'  I  .^  Jt  C  &  El 

Jk?.              i      •r*    - 

--  J 

f 

Di»«m 

a.1. 

-*   ncn. 

'fc 

t" 

j;^  • 

=  K' 

J ' 

j»i-  ;«?« 

'■*"-? 

.-^54 

ZASii 

r^*3-. 

rrr 

"  »,*,  -1  ^.■ 

.'^Ji^  '*.• 

■  '•■-'         '■' 

vys^:.  «-• 

'  t^Ji.-.£^: 

S.yji.:f9t. 

^ :  i-::c 

c  r  r  S I 

.=114- 

.Z112Z 

. or  rco 

.  =  I  =So 

^  -  •  I  ^ 

::  r-5 

.  c  r  r  3c 

.:e=:: 

.= 1=56 

.31=50 

r ;  I  r  * 

z  I  :.?c  - 

.2rc:c 

.crc3= 

.ororc 

.==9>o 

»   -     «  w    « 

::=4.5 

.CIC25 

.CICCC 

.2CQ65 

.=0940 

*  ■     ^        * 

-  I  -  1  ^ 

=0095 

.ccq^G 

.=0930 

.ceo ID 

^  -     «   *    ^ 

;C'i  ZC 

.  =C055 

.CC932 

.OCO04 

.oc-S^o 

- .  -c^ 

rci-:: 

.=0030 

CC9C6 

.20883 

.ccS;o 

^cvJS^ 

cc.;^*? 

.  =C9 I z 

.ccS.S; 

.00803 

.=0852 

cci:!:"  - 

-  '*  ■  *  ^  - 

.  ZCScj^ 

.ccSoo 

.=085= 

?c»:5  : 

*  ^  ■  ■  r  * 

.  ZC'^S  ; 

.CG.S57 

.0084= 

.zcSz*} 

,'%.-«: : " 

ZZ*'.  Z  2 

IZ-^DO 

.20845 

.008 iS 

.=0.^15 

,*c«: ;  : 

-.».x  ^.^ 

■==>5: 

.=<=-'5jj       . 

.00816 

X 

-  vr«;  ■  r 

rC'*  "  * 

:cS4^ 

ao.Sj4 

008  =  7 

•*  ^  ■»  J- * 

-^"i:oo 

r  z  •'*  "*  ^ 

.=  =  \;S 

.ccSr6 

.=07.^8 

.==:^: 

^"oSoo 

r  ~  -^  c  " 

—  -  X    •  - 

****'""• 

00  7^3 

.  =0'***0 

,*v:SS : 

rr"^* : 

:  =  S::5 

.ccSco 

00785 

M  •«  •  -  1 

.*cS  •  ; 

--:>i; 

=  C  >  I  ^ 

.CG793       . 

QC779 

.co;oS 

.•o>  *  c 

*."S  ; "" 

:  =  Sc-:i 

.00787 

=•-  773 

.=0:02 

/v.'>  .  • 

^  r  >  »  ; 

r:rc3 

00767 

•^^757 

.-O  ^  ,' 

J  J  X  •  2 

-  '> ,  « ^ 

.CO--6 

0076  » 

.C075: 

.*o  ^  : ; 

■•  J  x   -    ■ 

:  :  -^  5 

M«  ^  ^  ^   « 

00749 

.00740 

'^v>     ^ 

c  r "  7  - 

.  =07  ^0 

-^737 

■=-7-9 

.'-'"*'  J 

^     w               ^        • 

.c=:3>     . 

00727 

.=0719 

>■           .    . 

=  =  "-l*i 

.  — 7-9       . 

00710 

r^  0t  m  m  ^ 

.*v* 

«    »  ^       \ 

=  =  7" 

007=1 

.==603 

.*^* "  *  -• 

.*  »*        •  - 

_  -      .  « 

.zzr>>j6 

0C007 

.cc6So 

.-^'      ^ 

-  ~  -  %  ■ 

.c=^7i 

C0674 

.  ==t.57 

■      « 

•     •     •    -    X 

-  -  - 

.  =  C  V  X  J                , 

C0645 

.==038 

* 

.-.;'» 

-  -  •      % 

ccc»;6 

COOJO 

.==0^3 

* 

:  : 

.  -  -  -  -  j» 

COOIO 

.zznii 

X 

»       •      •       ■ 

.' ,'    -  - 

zz':i2 

=0607 

.=COCI 

' 

*    -           \ 

•          *                     ■            M 

Z  Z'.'-Z  2 

00507 

.  ta  w  Xlv   ^ 

•          • 

h       k               -       ■ 
• 

,           -          * 

ZZ^<0 

w  w  ^  C  X 

.cCxSo 

^ 

*     *          • 

.zzz<z 

C0577 

•='^57.> 

V    ^    ^ 

■  '  X " . 

: : :  '^ : 

-^575 

oo?7c 

.CC5(>D 

.      ■           X 

*  *  *    * 

crxrJS 

0C566 

* 

«            » 

."".'* 

.==504 

oc^6i 
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TABLE     No.     61  —{Continued). 
Coefficients  of  Flow   (m)   of  Water   in  Clean  Iron  Pipes 
UNDER  Pressure.  ' 


D,A«^ 

». 

6'; 

4" 

"(' 

.ijleet 

.3M1'. 

.M67'. 

.SfJj'- 

;";s- 

c«j,.u.r 

-n^^umt. 

«jfffH-(.    C 

«jjf,,v„.  c 

otfficirml. 

.01055  1 

OtOIO 

00925 

00S40 

00800 

00750 

01005 

00950 

00870 

00800 

00765 

00718 

00950 

00900 

00840 

00772 

00740 

00697 

00914 

00875 

008.7 

00757 

00724 

00685 

00885 

00850 

00794 

00740 

00707 

00670 

00860 

008  2  8 

0077s 

00725 

00693 

00660 

0083S 

00808 

00757 

00714 

00680 

Q065O 

00870 

00790 

00744 

00702 

00670 

00640 

00803 

00777  , 

00733 

00693 

00662 

0063* 

09791 

00765 

00723 

00687  ' 

0065  s 

00626 

00780 

00754 

00713 

00678 

00646 

00620 

00768 

00744  ' 

00705 

00670 

00639 

00612 

0076. 

00737.  1 

0069S 

00663 

00633 

00607 

0075.1 

00729 

00691 

00658 

00628 

00603 

00747 

00723  1 

00685 

00652 

00623 

00598 

00740 

00717  1 

00679  1 

00648 

00619 

00594 

00735 

00712  1 

00673  . 

00643 

006,  s 

00591 

00730 

00707  , 

00669  1 

00639 

0061 1 

00587 

00725 

00701  , 

oo66<;  1 

00635 

00608 

00585 

00731 

00698  ■ 

0066,  i 

00632 

00605 

00582 

25 

00710 

00687 

00652 

00623 

00597 

00575 

00700 

00678 

00644 

00616 

00590 

00569 

75 

oo6gi 

00669 

00636 

00608 

00584 

00564 

00684 

00662 

00630  ; 

00604 

00580 

00560 

00668 

00649 

00618  ■ 

00592 

00571 

0055  a 

00657 

00638  1 

00608 

00584 

00563 

00544 

00636 

00618  1 

00591 

00568 

0055' 

00533 

00620 

00603  i 

00578  . 

00557 

00540 

00524 

00607 

00590  ' 

00567 

00548 

00532 

00517 

00595 

00580  , 

00559  1 

00540 

00525 

00511 

00587 

00572 

00552  1 

00535 

00520 

00507 

lO 

00580 

00566  1 

00547  ' 

0053' 

00516 

00503 

00569 

00558  , 

00540  : 

00525 

00510 

00497 

00563 

°o55' 

00534  . 

00519 

00505 

00493 

"0557  ! 

00545  1 

00528 

00514 

00501 

00487 

00552  > 

00540 

00524 

00509 

00497 

00484 

20 

■00547  1 

00536 

00520  1 

00504  ] 

00493 

0048, 
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TABLE    No.    61  —  (Continued). 

Coefficients  or   Flow   {m)    or   Water    ix   Cleax    Cast-Iro.s 

Pipes   inder   Pressure. 


Di^McrcKS. 

"KLOcrr% . 

14  izkdt. 

«« 

JO 

*4  ■ 

r" 

.r»-  i<« 

•      ^^^   * 

"  _  1 

I.  .ecT  . 

2  . 

1 25 . 

CMjt.'fms. 

>  /«'Jt.-.V«J 

.  yji-r^ti.-        t 

W^-lm-Mf. 

t>r*-"->«' 

'  WJitimt. 

.    I 

.CC730 

.CO7CC 

.00670 

.006^0 

.00620 

.00580 

^    > 

.03^65 

.CO64O 

.0061^ 

.00580 

-00550. 

.CC670 

.CC64C 

.cc6iS 

.00600 

^      .00550 

.00528 

-4 

.CC624 

.ac6o2 

.00586 

.00538 

.00516 

.  > 

-cc64c 

.cc6ic 

.CC5QO 

.00572 

.00530 

.oo>o8 

.0 

.  cc6  ;o 

.cc6-C2 

.CC5S2 

.CC563 

-^>f^5'0 

.00502 

'   fc 

.C-CO*l 

, CC505 

=<^5r4 

.00554 

.00517 

.00497 

* 

CC015 

.OO54S 

.00^12 

.00493 

o 

CCOC'> 

-cc5>^ 

rc563 

^545 

.00508 

.C0489 

*        *» 

ccoc^ 

^539 

.C0505 

.00485 

-CCfC? 

rc555 

.30555 

.00501 

.00482 

*         * 

cc  5  ■•^■■^ 

CO  5  ""^ 

.rc53i 

.0040S 

.00478 

^  ^  ^  -fc  »» 

-CfvO 

'>c54: 

.CC52S 

.00496 

-00477 

:  ^ 

cs:5>- 

CC5  >  - 

CC54J; 

.CC525 

.0040; 

OC474 

^ 

cc5^> 

CO  5  ^  ■• 

cc5.tc 

CC5-5 

.00401 

-00472 

^ 

c-cf-i 

cc  5  ^  * 

cc5-'2 

.oc4>S 

.00470 

* 

j''j'  ^    1 

^*    ^           ^  'm 

cc5i> 

.C0486 

.00468 

N 

^-c  5 :  > 

CsT  ^  ^  C 

Z'ZZX2 

20515 

-DC4S5 

.00467 

■*^ 

.^-fJi- 

rcfjtc 

-•^^f'j 

.=«483 

.00465 

«       ^ 

-'■'-5-5 

ccfrS 

C0511 

,20482 

.00464 

:  ::5 

J'C  V  C  ■*■ 

~c  5-5 

co5ce 

.C0478 

.00461 

«   % 

^  ■»■•••   • 

c'c  5  ,^  5 

cc  ^  I  "■ 

C05C2 

-»=4:4 

.004^8 

» v"  ^  i  r 

J'vT  5  *- 

co^*> 

.OCX47I 

-00455 

^^r  c  *  r 

■T'C  ^  T  » 

ro^«5 

.20468 

00453 

--i.*5 

-^^r  ^  ;  > 

cc  ^  -  5 

cc^-oc 

.00464 

.00449 

^■,'*  i  -   * 

.^'C  5 :  r 

jc^:'> 

ro^>5 

.OC461 

.00446 

."'^  ^  1   * 

."■■."'  ■i  C"  % 

« c  >  c 

rOwt*> 

-=«^55 

.00441 

.-^^^  5  ,'^: 

^,"--: : 

c«c  .*  >  ; 

cc^-; 

.0045^ 

.00437 

.x'5.\: 

>"••'■  ■. ." 

-'•c  •  ^  > 

cc^:.f 

-=»=447 

-00454 

^■s^*  ^  ."•> 

■.*■."■    ^  .* 

,-c  «  •  5 

rc4;r5 

-C0444 

.00431 

'."'••''  •  X  • 

^.'  ^  >  : 

^   ta       «   *> 

*o.xr  r 

-20441 

.OCJ20 

»,  »         V  J- 

cc  •  -  c 

,"c^rc 

.20410 

.wX,42" 

"'.'  -  *  - 

.204> 

.20424 

*    *    • 

.  ^  •*    * 

-^-^Jo 

-CC42I 

■»■»•• 

^ ' .  ^  ^ 

-c^i.: 

.204,;^ 

.204IS 

^ 

"■     *          •i 

■•■T^*  ! 

.2C42> 

.20410 

c«r^*5 

.2c^t.r6 

.=^414 
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245 


TABLE    No.     61—  (Continued). 

('C)K.FFICIKNTS    OF    FlOW     (/w)     OF     WaTER     IN     ClEAN     CaST-IrON 

PiPKs,  OR   Smooth   Masonry,  under  Pressure. 


1 

1 

DiAMRTBRS. 

VBLt>CITY. 

30  inch. 
a.5  feet 

33", 
a.75  '. 

36" 

3-3333'. 

3.^667'. 

48"  . 
4'. 

Feet  per 
Second. 

CoeJjUcient. 

Coefficient. 

Coefficient. 

Coefficient.      Coefficient. 

Coefficient. 

•4 

.00492 

.00475 

.00450 

.00425 

.00404 

.00387 

•5 

.00485 

.00465 

. 00443 

.00420 

.00400 

.00383 

.6 

.00479 

.00460 

.00440 

j  .00417 

.00398 

.00381 

'7 

.00475 

.00456 

.00436 

1  .00414 

•00395 

.00380 

.8 

.00471 

.00452 

•00433 

.00412 

.00393 

.00378 

•9 

.00468 

.00449 

.00430 

.00410 

.00391 

.00376 

.o 

.00465 

.00447 

.00428 

.00408 

.00390 

•00375 

.1 

.00462 

.00444 

.00426 

.00406 

.00388 

.00374 

,2 

.00460 

.00442 

.00424 

.00405 

.00387 

.00373 

3 

.00458 

. 00440 

.00422 

.00404 

.00386 

.00372 

4 

.00456 

.00438 

.00421 

.00403 

.00386 

.00371 

5 

.00454 

.00437 

.00420 

.00402 

00385 

•00370 

6 

.00453 

.00436 

.00419 

.00401 

00384 

.00370 

7 

.00451 

.00435 

.00418 

. 00400 

.00383 

.00369 

8 

.00450 

.00434 

.00417 

.00399    , 

00383 

.CO369 

9 

.00448 

.00433 

.00416 

.00398 

00382 

.00368 

2. 

o 

.00447 

.00432 

.00416 

.00398  1  , 

,00382 

.00368 

2. 

25 

.00445 

.00430 

.00414 

.00396 

00381 

.00367 

2. 

5 

.00443 

.00428 

.00413 

.00395    ■ 

00380 

.00366 

2. 

75 

.00440 

.00426 

.00411 

.00394    , 

00379 

.00365 

3 

o 

.00438 

.00424 

.00410 

.00393    . 

00378 

.00364 

3 

5 

.00435 

.00421 

.00408 

.00391 

00376 

.00363 

4 

.00432 

.00419 

.00406 

.00389 

00375 

.00362 

5 

.00427 

.00415 

.00403 

.00386 

00372 

.00360 

6 

.00424 

.00412 

.00400 

.00385    , 

00370 

.00358 

7 

.00421 

.00409 

.00397 

.00383 

00368 

.00357 

8 

.00419 

.00407 

•00395 

.00381 

00367 

.00354 

9 

.00417 

.00405 

.00393 

.00379    . 

00365 

.00353 

lO 

.00415 

.00403 

.00391 

.00378    , 

00364 

.00352 

12 

.00411 

.00400 

.00388 

•00375    . 

00362 

.00350 

14 

.00408 

.00397 

.00386 

.00373    . 

00360 

.00348 

i6 

.00406 

•00395 

.00384 

.00371    , 

00358 

.00347 

i8 

.00404 

.00393 

.00382 

.00369 

00357 

.00346 

20 

.00403 

.00392 

.00381 

.00367 

00356 

.00345 

*>46 
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TABLE    No.    61  —(Continued). 

(Coefficients  of  Flow  (m)  of  Water  in  Cast-Iron  Pipes,  oi 

Smooth  Masonry,  under  Pressure. 


DiAMETKKS. 

\  EUH-ITY. 

1 

54  inch. 
4.5  feet. 

60" 

5'. 

7>" 
6'. 

84" 
7'. 

96" 
8'. 

SfiTOHl/.       1 

CiH'^ciemt.      ,      i 

[  W^iirmt.           ( 

Coefficient. 

Coefficient, 

Coefficient. 

.4   ■ 

.00362 

.00344 

.00316 

.00294 

.00274 

•S 

.00360 

•00342  ; 

.00314 

.00292 

.00272 

.6 

•00358   ! 

.00341 

•00313    I 

.00290 

.00271 

•  1 

.00357 

.00340 

.00312    ' 

.00289 

.00270 

.8 

.00356 

.00339 

.00311 

.00288    I 

.00269 

•9 

•00355 

.00338 

.00310 

.00287 

.00268 

I.O 

.00355 

•00337 

.00309 

.00287 

.00267 

I.I 

•00354 

00337 

.00308 

.00286 

.00267 

1.2 

.00353 

.00336 

.00307    • 

.00286  ; 

.00266 

1-3 

.00352 

00336 

00307 

.00285 

.00266 

1.4   J 

.00352 

00335 

00307 

.00285 

.00265 

1.5 

.00351 

00335 

00306 

.00285 

.00265 

1 

.00351 

00334 

00306 

.00284 

.00265 

1.7 

00350 

00334 

00305 

.00284 

.00265 

i.S 

oo;^o 

00333 

00305 

.00283 

.00265 

i.g 

0034Q 

00333 

00305 

.00283 

.00265 

-VO 

00340 

OQ333 

00305 

.002&3 

.00264 

-•-5 

0034S 

0033- 

00304 

.00282 

.00264 

>-'^>-\u: 

00331 

-0303 

.00282 

.00264 

.'-75 

0034^ 

oc^U 

00302 

.00281 

.00264 

^;.  0 

00340 

OC3OI 

.00281 

.00264 

0  5 

00^;  45 

00300 

.00280 

.00263 

4 

00299 

.00279   . 

.00263 

oo;;: 

sT  0  3  2  7 

CC207 

.00277 

.00262 

(» 

■»   >   ••   1   "N 

■N  -N   »  ^  — 

CO  200 

.00276 

.00262 

•• 
1 

>  %  »  •  >s 

00205 

.00275 

.00261 

s 

^  N  »  •  • 

V  V  ^^  _   ^ 

ro2')4 

.00275 

.00261 

V) 

■»   N  •   •  ,  \ 

^  >  .  %  » 

CC204 

.00274 

.00260 

10 

N  ^  *  »  - 

^  ^  o,"»? 

CC203 

.00273 

.00260 

1  -' 

N  \  •   •  » 

-N  -«   %   N   « 

.00272 

•00259 

»  > 

\  ^  •  •  « 

-.   'S   «   «   « 
%■   N.   •  Vj   \ 

.00272    ' 

.00259 

l(» 

■\  ^  »  -.  % 

^  ^   •  V.  _ 

,00271 

.00259 

iS 

\  N  •   •   > 

■\  N  «  1   - 

>:  0  2  v}  2 

.00271 

.00258 

.•0 

oo;:v^ 

003  u 

.00271 

.00258 

COEFFICIENTS   ' 


•    FOR   SMOOTH    PIPES. 


<-l\  t{  wi^ 


EFFECTS    UK    TUBERCLta.  24? 


1870.  Peculiarities  of  the  Coefficient  (»/)  of  Flow — 
tbe  tables  and  diagram  of  coefficients  i  m  >  nt'  How  in  pipes, 
■^i"  w»*n  as  in  those  of  coefficients  of  diacliarge  (c)  througli 
orificiw,  tliere  is  variation  in  value  with  each  variation  in 
Telocity  of  the  jet.  lu  tlie  case  of  pipes,  there  ia  also  a 
-variation  with  tlie  variation  of  diameter  of  jet,  that  equally 
di'iniinds  att^-ntion. 

It  will  be  observed  in  tbe  tables  of  experiment  abovo 
quoted  that  tlie  coefficient  decreases  as  the  diameter  or 
h;/draidiv  mean  rndii(x  inci-eases.  and  also  that  with  a 
friven  diameter  the  coefficient  decreases  as  the  velocity 
increases;  thus,  with  a  given  low  velocity,  we  may  trace 
the  decrease  of  the  coefficient  from  li.ul'iO  for  a  half-inch 
pipe  to  0.0037  for  n  ninety-six  inch  pipe ;  and  with  a  given 
(iiiinieter  of  one-half  iucli  we  may  trace  the  decrease  of  the 
coeffirient  from  0.0120  for  .h  foot  veltK'ity  per  second  to 
n.iKi.'.oT  for  1+  feet  velocity  per  serond,  and  with  a  given 
diameter  of  i*6  inches  we  may  tnice  the  decrease  of  the 
coefficient  from  0.0027  for  a  velo<?ity  of  .'>  foot  per  second 
to  0.00259  for  a  velocity  of  14  feet  per  second. 

We  have  then  a  latge  range  of  coefficients  applicable  to 
clean,  smooth,  and  straight  bores.  When  the  bores  are  of 
CfMirse  grain,  or  are  slightly  tuberculated,  the  range  is  still 
gn>ater,  and  the  values  of  coefficients  of  the  smaller  diani- 
ett-rs  quit*'  sensibly  affi-cted  ;  and  if  the  bores  are  very 
rough  or  tuberculated,  the  values  of  coefficient  for  small 
diameters  and  k)w  velocities  are  very  much  augmented. 

271.  ElIectH  of  TulH'iTlf^f*— These  effects,  in  tubercu- 
latwl  pipes,  as  coinpared  with  clean  pipes,  are  illustrated  in 
the  following  approximate  table,  which  we  have  endeavored 
t*>  adjust  to  a  common  velocity  of  three  feet  per  second  for 
all  the  diameters.  The  data  for  veiy  foul  pipes  is  however 
scanty,  though  sufficient  to  show  that  the  coefficients  do  in 
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fraok 


s  exceed  the  linuts  given  for  the  smaU  diam- 
that  conditions  from  clean  to  fool  majocmr, 
«enefal  diameters,  that  shall  cover  the  entiie  lunp 
to  maximnm  coefficients,  and  calling  far  a 
es£ftise  of  judgment  founded  upon  experience. 


TABLE     No.    62- 


::>T5  r,"'^  Cls-\n.  Slightly  Tuberculated,  axd  Focx  Pipes, 

-TT>-  r:.OiETER5.  AND  WITH    A   COMMON  VELOCITY'  OF  3  FEH 
I      _    »  2^  J  I  ♦_    \  2gH I  *V 


^^^■v^■^ 


-  V 


to 


.•a.-=«C;fr. 


.  •    ■  • ." , 


*  1  • 


I 


%   *   X 
^  .   «   « 


•    *  • 


»       «       «       * 


k  «      «      k      N 

«      «      s      ^ 


>      \ 


X    >      • 


»         ■        ■       ■       ' 


t  k      %      %      « 


.  N 


C^ 


O.C0753 

.C0745 

cc7^;4 

'^^t  -- 

,00707 

00692 
co6S^ 
C0662 

re'*  34 
:  c  5  S I 

C  C  ^   N  0 

:c542 
:  c  5  1 1 

C  Z^*iO 


—  •  ■•  s 

'-  -  -t  -  ■♦ 

-    ^    t    T    -» 

ccj;04 


Slightly 
tobcrculaied. 

G 


Cw/1,  fW. 


0.01027 
.00962 

.OOSS^ 

.ooS  ^0 
.oo7.s^^ 
.00745 
.00716 
.00690 
.0066^ 
.00645 
.00607 
.oo^Sz 
.00559 
•00539 

.00n20 
.00496 
.00474 
.00456 


F^MiL 

L 


c^A 


c. 04969 
.04460 
.o;6;o 

.=304.> 
.02650 

.02409 

.02250 

.02121 

.02006 

.01901 

•01755 
.01669 

.01593 

.01^24 

.01466 

.01393 
.01330 
.01270 


•  N 


A  v*  ■.  .  -^ 


r  ;^^.  |«H:rH369. 


r 


EQUATION    OF    VELOCITY. 


273.  Cla^Hiflcation  of  Pipeo  and  their  Mean  Co- 
EBcleuts. — lu  ot'diaary  calculations,  the  mean  coefficient 
tf  medium  diameters  and  velocities  niaj"  be  taken,  for  clean 
lpea>  as  .00644  ;  for  rough  or  slightly  tuberculated  pipes, 
s  .0082 ;  and  for  very  rough  or  verj'  foul  pipes,  as  .012. 
h.ese  coefficients  apply  approximately  to  pipes  of  about 
ve  inches  diameter,  when  the  velocitiee  axe  about  three 
set  per  second,  reference  being  made  to  the  diameter  of  the 
npe  itself  when  clean.  , 

273.  Equation  of  tlie  Velocity  Neutralized  by  Re- 
ilntanco  to  Flow. — Having  now  developed  the  several 
'alues  of  m  as  applicable  to  the  several  conditions  of  pipes, 
ve  will  again  transpose  our  equation  and  remove  v,  the 
nember  expressing  velocity  of  flow,  to  one  side  by  itaelf^ 
ind  we  have  the  equation  of  velocity  of  flow  : 


\ 


or        .  =  »|^'[*=efS"when   c=t/j.  (8) 

In  which  h"=  the  resistance  head,  in  feet. 

*l  =  the  length  of  the  pipe,  in  feet. 
d  —  the  iiitenial  diameter  of  the  pipe,  in  feet. 
C  =  tlie  internal  circumference  of  the  pipe,  in  feet 
8  =  the  sectional  area  of  the  pii>e,  in  square  feet 


d 
'  4' 
ff  =  32.2 


i 
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STi.  Equatiou  of  Kesistauce  Head.— By  tram 

tkm  again  we  bare  the  equation  for  that  portion,  h!\  c 
Uitel  head  1^  included  in  the  slope  i : 

y  _  amv"  ,  „  _  (4m)  Iv' 

or    h    "=■  vfi—  "^  —  = 

T^2g      <fd' 

Lrt  c.  represent  the  maximum  ratio  of  h'  to  h,  or 
omt  of  resistance  of  entry  of  tlie  jet  =  .5055. 

?S3.  Equation  of  Total  Head. — Then  for  short 


T'2g 

2gH     11 


T 

2gH 


r  = 


.5  -h  \Am  -sj 


Tbie  value  of  c.  decreases  with   v  and  inversely 
of  *  . 


^   Kquatlon  of  Voliiiiie. — The  velocity   v  h 
:jfc:;^vrtaineil,  we  have,  for  volume  of  flow  q  per  se 


*VV***W  WrtsNioh*   Mechanics  of  Engint^ering,   tnuslated    by 


1 


.  cmOX   and 


I        1  U  -/c*^    •    ' 


'  BDBDIVISIOMS  OF  TOTAL  HEAD. 
•■Iso,  we  have 


j  =  .7»4^,x|j;53f^,[' 


****  approximately 


377.  Equation    of  Diameter.  —  By  transposition 
^gain  for  the  value  of  d,  we  have 

or  approximately,  when  c  =  v'S?  -^  m, 

In  this  last  equation  of  d,  the  assistauce  of  the  table  of 
velocities  for  given  slopes  and  diametera  {p.  259),  and  the 
table  of  coefficients,  m,  for  given  velocities  and  diaTneters 
(§  369,  p.  242),  will  be  required,  since  the  unknown  qnan- 
titiee  d  and  m  appear  in  the  equation.  The  approximate 
values  of  d  and  m  for  the  given  velocity  can  be  taken  from 
the  tables  and  insert^^d  in  the  right-hand  side  of  the  equa- 
tion, and  a  close  value  of  d  worked  out  for  a  first  approxi- 
mation, and  then  the  operation  repeated  for  a  closer  value 
of  d,  if  necessary". 

378.  Equations  of  v,  h,  d,  and  q,  for  long  pipes.— 
When  pipes  exceed  one  thousand  diameters  in  length  the 
following  simple  formulas  may  be  used,  taking  values  of  »t 
from  table  61,  page  242,  and  value  of  2j  =  64.4. 
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*'  = 


d^ 


%jd 


=  .01563 


=  .01653 


d 


9  = 


'2gh"  —    K 


(1^ 


(146) 


(1^ 


(14*1 


in  which  ^  Ji  \  ami  d.  are  in  feet,  and  q  in  cubic  feet  per 
second.  For  equivalent  values  of  £2  in  inches  and  in  feet, 
see  table  104,  p.  504 

279.  3[any  Popular  Formulas  Incomplete*— The 
fact  that  the  majority  of  popular  formulas  for  flow  of  water 
in  pijH^  as  usiutl/^/  qnotrd  in  cyclopedias  and  text-books, 
n^fer  to  ^  -  A  \  or  in  some  cases  to  h'  only,  and  not  to  H, 
has  leil  us  to  treat  the  subdivisions  of  H  mope  minutely  in 
detail  than  would  otherwise  have  been  necessary. 

Serious  em>rs  aK»  liable  to  result  from  the  application 
of  such  hydrodynamic  formulae  by  persons  not  familiar 
with  tlioir  origin,  es]vcially  when  the  problem  includ(*s  a 
h  'jh  lioad  ^^f  water  and  ^^hort  length  of  jdpe. 

'^SC\  Formula  of  X.  Chexy; — The  ftmnnla  of 
M.  0:u  /y,  prv^{HV?r\i  a  oentiiry  ago,  and  into  which  nearly 
all  ^'xpnssious  for  rl>'  >iimf  object,  since  introdaced,  can  be 
n  <olv<\l,  r\^:Vrs  lo  h    oiilv,  or  A  -4  ,  and  noc  \oH*  When 


star^xl  iu  tV,o  svmlv^'.s  1>  rein  used,  it 


('$) 


ftiid  K  an 
witk  JB( 


P  As  i7  is  introduced  in  place  of  2g  in  our  equation,  m'  will 
equal  ^y 

asl.  Various  Popular  Fonmilas  Coinpared.— The 

value  of  treating  the  question  of  flow  of  water  in  pii>e3  in 
detail  may  perhaps  beat  be  illustrated  by  com|)Uting  the 
"velocity  of  How  from  our  pipe  P',  Fig.  35,  as  it  is  extended 
to  different  lengths,  from  5  feet  to  10,000  feet,  by  a  complete 
formula,  witli  m  at  its  legitimate  value,  and  then  computing 
the  same  by  several  prominent  formulas,  in  the  form  in 
which  they  are  usually  quofM.  (See  Table  No.  63,  p.  254.) 
282.  Sub-licadH  Compared. — If  we  compute  the  total 
head,  to  which  the  velocities,  found  by  tlie  first  formula  of 
the  table,  are  due,  we  shall  liave  the  sub-heads,  as  follows ; 
when  d  =  \  foot 


..=  ... «..(4),|  =  (|).(o.|).(»^,^) 


Lhctwi  ur  FiOT. 

s- 

y. 

„ 

,« 

,^ 

VmLocmn*  »  Ft. 

<^-*i- 

.,..„. 

,„... 

.,.386. 

>.». 

1;. 

62.542 
31-583 
5.878 

4o.s'8 
.0.487 
38.945 

28.863 
14.57s 
S«-57' 

4.694 
2.370 
92.941 

45' 

.!!8 

99 -330 

H 

loo.o 

100. 0 

100.0 

100. 0 

■  00.0 

It  is  here  shown  tliat  the  values  of  K  and  Ti'  cannot  be 
neglected  until  the  length  of  tlie  pipe  exceeds  one  thousand 
diameters,  under  the  ordinary  conditions  of  public  water 
supplies. 

In  our  first  length  of  five  feet,  Ti  is  about  ten  and  one- 
half  times  A",  and  li  is  about  five  and  one-half  times  A". 
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TABLE    No.    68. 

Results  given  by  Variolas  Formulas  for  Flow  of  WAixt  n 
Smooth  Pipes,  under  Pressure,  Compared. 

I>ATA.— To  find  ibe  Telocity,  given  :  //m^.  // =  wo  feet ;  Dimmti^,  d=  t  fiaot;  and  LtuHt 

/,  respectively  as  loOows: 


^^^  ,5  5»        *oo      woo  npm 


I 


I- 


Eq«uticn(a)..    ^^'^^jj.^^^^f        —  ^M^    5""  43-»"  «7-3K5.3^ 

^■*^*l **  =    •    .       .,  •■ -••.....•..••••  at^fiOT     TOLTtO  SOiAB  IsJiO  VflOO 

Da  Boat    ..  ..    ^  =  77^^-'' y- "j/'^^i*"  •**^''*"-^*   k».9«8 8..510  13^ 34,fc 

^V3^J\*^ r=    >4ii--5»^  --3a«£f  *  — .o«i6 n&94     61^54    48-446  is.ss>  4-770 

-    -                 I 
**      O r  =.  K-S -:r7  -  -02375     —  .2540 »3si4    7a.4&>  49.791 15.64X  4J«i 

«  I 

Bytdmeiii  x«^  . .    r  =  017C5  ys*^*  - -r^fijS;  —.ijpi *4«.778    1^367  53-960  16.975  5.rf» 

(f>..  ••=?>!7r^f    67^    50^40^8.  15^4-985 


^aialVe:uus:..    r  =  la^.^af  ^rf»"    «4^t7»    73-689  51.347  15.233 4.591 

I 

D'AcbosKO  «•    r=    ?5-9r7*,a3fiii'*— rf9a«    «8.75l    69.1x4 4S. 845  t5.3S4 4^0 


y}     T-9y£%H  ^^^  67.589  47  Jo4i5.xi4  4.7*> 

_    *  .=:>  )  I  , 

KerTlei*^    ...    "-  ',  ^-.^^  •  jo^^jty  ( fi».5*>  47o8o38.7«>  14.7S04.7*) 

*«**---   •  i  ^  ~  **•"  "^  *       ••  .'^  ■■ ..«••.  ..  ..... .Ka^  fy  90lj?3  63.070  18  9J7  5.507 

V^^^^C^ r  rr  j-.i:j        ^     .      =»*J*r  6rr»5  47-9«3«5-»4»4-79« 

» ~' i  I 

DWrcr    r   =    -  aaaocrr^   -SM-n^  7r>i33  H-^o  S7-*?9  5-4^ 
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In  long  pipes,  sufficient  velocity  is  converted  into  pres- 

"^Bnre  to  reduce  eomewliat  the  contraction  of  tlie  jet  at  ita 

entrance  into  the  pipe.    In  very  long  pipes  the  effect  of  tliis 

cDntraction  becomes  insignificant  when  compared  witii  the 

efi'ect  of  reaction  from  the  walla  of  the  pipe. 

'iHli.  Iiivestig:atioiiM  by  Dii  Butit,  CnUiniiib,  and 
Proiiy.— The  investigations  of  Du  Buat  and  Coloumb  led 
thein  to  the  conclusion  that  the  velocity  of  the  fluid  occa- 
sioned a  resistance  to  flow,  in  addition  to  that  arising  from 
the  wet"  jjerimeter  of  a  cliannel  or  pii»e,  which  is  propor- 
tional to  the  simple  velocity  ;  and  afterwards  Prony,  coin- 
ciding with  this  view,  undertook  the  investigation  of  the  two 
coefficients  thus  Introduced  iuto  the  formula  of  resistance  to 
flow. 

Since  their  new  coefficient,  0,  applied  to  the  simple  velo- 
city and  not  to  the  square  of  the  velocity,  as  does  the  co- 
efficient m,  their  expression,  in  oui*  symbols,  became 

in  which 

I  {ff-£={II-h}OTh'  +   h".) 

P  S84.  Prony's  Analysis.— Prony  analyzed  the  resulfa 
of  fifty-one  experiments  to  determine  the  values  of  m  and  13, 
including  eighteen  experiments  by  Du  Buat  witli  a  tin 
pipe  of  about  one  inch  diameter  and  sixty-five  feet  long; 
twenty-six  experiments  by  Bosaut  with  pipes  of  abont  one, 
one  au4  one-quarter,  and  two-inch  diameters,  and  varying 
in  length  from  thirly-two  to  one  hundred  and  ninety-two 
feet ;  and  seven  exj-eriments  by  Couplet.  Sis  of  these  last 
experiments  were  made  with  a  five  and  one-quarter  inch 
pipe,  under  a  head  less  than  two  and  one-quarter  feet,  and 
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one  with  a  nineteen-inoh  pipe  with  a  head  of  about  twelve 
mid  one-half  feet. 

We  have  (xuoted  above  (§  269)  eight  of  the  experimentB 
by  l)u  liuat,  nine  of  those  by  Boesut^  and  the  full  seven 
by  Oouplet,  and  in  the  first  two  included  the  extremes  so 
UH  to  covi'v  their  entire  range. 

This  was  a  limited  foundation  upon  which  to  build  a 
thtH>ry  of  tlie  flow  of  ^-ater  in  pipes,  nevertheless  the  attain- 
nient.M  of  tins  eminent  investigator  enabled  him  to  deduce 
from  the*  limitiHl  data  hypotheses  wliich  were  valuable  con- 
tributions to  hydiiKlyuamic  science. 

Vnnw  tlu*s«*  exp<»riment8  Prony  deduced  the  Talues,  as 
rt^duiHHl  to  English  measures,  m  =  .0001061473 ;  and  0  = 

*i8«%.  KytehYeiii*s  Equation  of  Resistance  to  Flow. 

— KytelwtMU,  iiivestipiting  the  question  anew,  and  believing 
thi*  conlnu*tii>n  of  the  vein  :it  the  entrance  to  the  pipe  should 
not  K^  oveiUK>ki\L  siK>n  attemard  modified  the  equation  to 
tlio  form. 


r'  .    01 


In  wluoli  *  rotors  to  the  etllvt  of  the  oontractioQ. 

*«V^<u  l>*  Viibiiissoirs  Kquation  of  Resistance  to 
Flow.  \y  V'lbuissoti,  iiioH:^  r!:an  a  half-century  later,  hav- 
iii:^  rix^nvl  ••NO-*/  Tvirnoular'y  to  the  experimeiitB  of  Couplet, 
j;ave  to  f/c  ;iad  -^'  ^ulues*  a^i  follows; : 

it       .        .  W iiM^.W  ' !  ^c^  -  .18M49  9\  (17) 

^fv^7.  Wei^lvich^s  Kquatiou  of  Kesi«teBce  to  Flow. 

^  NV..'t>il\io?\  :i\ailiv;;:  Miiir^:'!'*  or*  el^vi-'a  experiments  of  his 
o^ii  \\uii  i?i^f»  ^oI\.vti:io5:s  ard  -wn-  \\v  M  GxneTnard.  in  ad- 


Hflitiou  to  the  tifty-one  abore  referred  to,  proposed  the  fol- 
"lowing  formnla  as  coinciding  better  with  the  results  of  his 
obserrations : 
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I 


--(•.73i|-(""»*" 


,017156  \  I 


(18) 


Tliis  coefficient  [a  +  —r-j,  which  replaces  4m  in  onr  sym- 
bols, is  founded  upon  the  assumption  tliat  the  resistance  of 
friction  increases  at  the  sauie  time  wjtli  tlie  square  and  with 
the  square  root  of  the  cube  of  the  velocity. 

288.  TratiKpoHitious  of  an  Oi'Igbial  Formula. — 
Tliat  Chezy's  formula  has  been  generaUy  accepted  as  one 
founded  upon  correct  principles,  we  readily  infer  by  its  fre- 
quent adoption,  transposition  and  modilication  in  the  writ- 
ings of  many  philosophers  and  hydraulic ians.  Note,  for 
instance,  the  second  formulas  (j')  of  Ej^telwein  and  D'Au- 
bttisson  in  the  above  table  (No.  63),  and  the  formulas  of 
Beardmore,  Blackwell,  Downing,  Hawltsley,  Jackson,  Box, 
Storrow,  and  others,  which  may  be  resolved  into  this  orig- 

lal  form. 

289.  1Jiiint«lUgent  Use  of  Partial  Formulas.— 
Tiat  serious  errors  may  arise  ii-om  an  unintelligent  and 
nproper  use  of  these  formulas  is  conf^picuously  apparent 

"in  the  abovp  table  of  results,  comput^'d  upon  conditions  in 
the  vi^ry  midst  of  the  range  of  conditions  of  ordinary  muni- 
cipal water  supplies.  A  full  knowledge  of  the  origin  of  a 
formula  is  essential  for  its  safe  practical  application. 

A  solid  body  falling  freely  in  a  vacuum  through  a  height 

*  of  100  feet,  acquires  a  rate  of  motion  of  only  about  80.3  feet 
per  second,  yet  some  of  the  formulas  appear  to  indicate  a 
velocity  of  flow  exceeding  200  feet  per  second,  through  five 

t  of  pipe,  under  100  feet  head  pressure. 
^ 


Cipi 

Kfort 
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290.  A  Formala  of  more  Cteneral  Applicatioit- 

Weisbach  has  suggested  a  more  oompiehensiTe  fonn  ot 
expression  which  includes  the  head  generating  the  velocity 
of  flow  and  the  head  equivalent  to  the  dynamic  force  lost  at 
the  entry  of  the  jet  into  the  pipe,  as  well  as  the  head  ba1an^ 
ing  the  resistance  to  flow  in  the  pipe,  and  therefore  his 
equation  presents  the  equality  between  the  total  head  A 
and  the  sum  of  the  velocity  and  resistance  heads,  equd 
toA  +  A  +  A'. 

Weisbach  has  also  developed  a  portion  of  the  valiies 
of  fw,  varjing  with  r,  but  neglecting  the  influence  of  r. 

291.  Value  of  r  for  Given  Slopes. — ^We  have  her^ 
tofore  insisted  that  m,  as  introduced  into  the  equation,  shall 
approximate  near  to  its  le^timate  value  for  the  given  condi- 
tions. Its  value  for  each  given  diameter,  or  hydraulic  mean 
radius*  r,  depends  uiK)n  the  velocity  of  flow,  and  therefore 
uiK>n  the  slope,  s^  generating  the  velocity. 

To  aid  in  the  s^^lection  of  m  from  the  tables  of  m. 
jvigt*  243,  we  have  plotted  the  several  velocities  as  ordinatee 
with  given  sines  of  slopes,  /,  a^  abscissas  for  such  experi- 
niontal  data  as  was  obtainable,  and  have  taken  the  interme- 
diatt^  appn^ximato  values  of  r  from  their  parabolic  curves 
thus  iU>trTmiiu\l  frv^m  the  experimental  data,  and  have 
arnmoHi  tiio  !\^lli>wini:  table  of  r :  which  of  course  refers  to 
\\w  head  \  •  l>alauciug  the  ivsLEianoe  in  the  slope  s. 


\ 
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TABLE     No.     64. 

Velocities,  v^  for  given  Slopes  and  Diameters, 
FOR  Long  Clean  Iron  Pipes. 


V  =  V2g/f 


\  (i  +  Cr)   +  m^} 


or 


' = (^)*- 


Slops. 


in 


lOOO 

500 

333 
250 

200 

167 

143 
125 
III 
100 

83.3 

71.4 
62.5 

55.6 
50.0 

33.3 
25.0 

20.0 

16.6 

14.3 
12.5 
II. I 
10.  o 

8.33 
7.14 
6.25 

5.55 
5.00 
4.00 

3-33 
2.50 

2.00 

1.66 

1.43 
1.25 

I. II 

1. 00 


Sink  or 

Slopk. 

%  inch. 

K" 

.0417  't- 

.0625'. 

..     A" 

Velocity. 

Velocity. 

'-    I 

Ft.  per  tec. 

Ft. per  tec. 

.001 

.23 

.30 

.002 

.34 

•44 

.003 

.43 

.55 

.004 

.50 

.65 

.005 

.58 

.73 

.006 

.64 

.81 

.007 

.69 

.87 

.008 

.74 

•95 

.009 

.78 

1. 00 

.010 

.82 

1.06 

.012 

.91 

1. 18 

.014 

•99 

1.28 

.016 

1.07 

1.38 

.018 

1. 15 

1.47 

.02 

1.23 

1.56 

.03 

1.52 

1.96 

.04 

1.78 

2.29 

.05 

2.00 

2.56 

.06 

2.20 

2.83 

.07 

2.40 

3.08 

.08 

2.58 

3.30 

.09 

2.75 

3.50 

.10 

2. go 

3.74 

.12 

3.21 

4.14 

.14 

3- 50 

4.48 

.16 

3.76 

4.83 

.18 

4.04 

5.16 

.20 

4.28 

5^48 

.25 

4.85- 

6.23 

.30 

5.35 

6.85 

.40 

6.26 

7.97 

.50 

7.10 

9.00 

.60 

7.85 

9.92 

.70 

8.60 

10.82 

.80 

9.26 

11.63 

.90 

9.84 

12.34 

1. 00 

10.35 

13.00 

Diameters. 


,i> 


.0834'. 


Velocity. 
Ft. per  tec, 

.36 

.53 
.66 

'11 
.87 

.95 
1.03 

I. II 
1. 18 
1.26 
1.38 

1.51 
1.63 

1.74 
1.84 

2.28 

2.68 

300 

3-33 
3.62 

3.88 

4.15 

4.38 

4.83 

524 

5.64 
6.03 

6.37 
7.21 

8.00 

9-33 
10.50 

11.54 
12.60 

13.48 

14.34 

15.15 


.1250' 


Velocity. 
Ft.  per  sec, 
.46 
.66 

.83 

.97 

1. 10 

1.20 

1. 31 
1.41 
1.51 
1.60 

r.75 
1.90 
2.04 
2.17 
2.30 
2.88 
3.40 

3.83 
4.22 

4.59 

4.88 

5.20 
5.50 
6.06 
6.60 

7.14 
7.60 

8.06 

9.07 
10.00 
11.68 
13.18 

14.44 
15.68 

16.78 

17.83 

18.83 


.1458'. 


Velocity. 
Ft. per  tec, 

.50 

.73 
.90 

1.06 

1.20 

1.33 
1.44 
1.54 
1.65 
1.74 
1.92 
2.08 
2.23 
2.38 
2.52 
3.10 
3.68 
4.16 
4.62 
5.02 

5.37 

5.74 
6.08 

6.73 
7.32 

7.88 

8.39 
8.92 

10,07 

II.  10 

12.80 

14.40 
15.80 

17.14 
18.40 

19.55 
20.56 


a" 
.1667  . 


Velocity. 
Ft.  per  tec. 

.54 

.79 
.99 

1. 15 
1.30 

1.44 
1.56 

1.68 

1.79 
1.88 

2.07 

2.24 

2.41 

2.57 
2.72 

3.40 
3.97 
4.48 
4.95 
5.38 
5.80 

6.20 

6.56 

7.27 

7.92 

8.55 
9.12 

9.64 

10.83 

11.95 
13.70 

15.34 
16.83 
18.30 
19.64 
20.90 
22.00 


Area  t  =  .7854^/*,  and  volume  q  —  t/«,      For  uble  (104)  of  sectional  areas  see  page  504. 
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TABLE     No.    6  4— (Continued). 

Velocities,  r,  for  given  Slopes  axd  Diameters, 
FOR  Long,  Clean  Iron  Pipes. 


' 

DlOfCTSKS. 

Sl.se  '*»; 

1 

1 

SUifE. 

SU>HK. 

3  inch. 

4" 

C" 

1         8" 

,         »o" 

w" 

■ 

.25  ft. 

•3333'- 

■5'. 

.O667'. 

-^333'. 

1 

1'. 

*" 

I'eiocity. 

Velocity. 

/  elecity. 

I'el0city. 

.   I'eiecity. 

VtlKitj. 

'-  / 

Ft.  ^r  ire. 

Ft.  per  sec. 

Ft.  per  sec 

.  Ft.  per  sec. 

Ft.  per  sec. 

Ft.H^m. 

I   in  nil 

.0009 

.66 

.79 

I.OO 

1.20 

;      I.4I 

i.«i6 

'    lOOO 

.0010 

.70 

.83 

1.05 

1.28 

,      1-49 

1.65 

*     9^^ 

.0011 

-74 

.58 

1. 11 

1.34 

1       1.56 

'  1.74 

•     833 

.0012 

•77 

.92 

1.16 

1.40 

•      1.62 

1.52 

*     769 

.0013 

.81 

.96 

1. 21 

1.46 

1.68 

>    1.90 

*     714 

.'X>i4 

.84 

I.OO 

1.26 

1.53 

1.75 

1-97 

*     667 

.0015 

.87 

1. 04 

1.32 

1.57 

1.82 

2.04 

'     625 

.0016 

.90 

1.07 

1.36 

1.63 

'■     1.88 

2.11 

'     5SS 

.0017 

-93 

1. 11 

1.40 

1.68 

1.93 

2.1$ 

•     556 

.0018 

.96 

I.I4 

1.45 

1.73 

2.00 

2.2s 

•     526 

.0019 

.99 

I.I7 

1.49 

1.78 

2.05 

2.31 

*     500 

.0020 

1. 01 

1.20 

1-54 

1.83 

2.10 

2.37 

*     455 

.0022 

1.06 

1.26 

1.62 

1.92 

2.22 

2.49 

*     417 

1     .0024 

I. II 

1-33 

1.69 

2.01 

2.32 

2.60 

'     385 

[     .0026 

1. 16 

■'     1. 38 

1.76 

2.10 

2.42 

2.72 

*     357 

.Of>2S 

1. 21 

1-44 

1.83 

2.18 

2-51 

1     2-?3 

*     333 

.0030 

1.25 

1.50 

1.90 

2.26 

2.60 

2.94 

*     2S6 

.0035 

1.36 

1.62 

2.05 

2.45 

2.82 

,     3-19 

'     250 

.(J04 

1.47 

1.75 

2.21 

2.63 

,     3-02 

3-42 

'       2(X) 

.fX)5 

i.6«; 

I.'/) 

2.  CO 

2.97 

3.41 

3.S4 

•        167 

.fjo6 

I.?2 

2.16 

2.76 

3-27 

3.77 

4-23 

*       143 

,007 

1.9^ 

2.35 

2-99 

3.55 

4.10 

4-5? 

'       125 

.ooS 

2.13 

2.-2 

3.21 

3.82 

4-40 

4.92 

'       III 

.009 

2.26 

2.r.> 

3.42 

4.06 

4.68 

5.24 

*        1<X) 

.010 

2.39 

2.?3 

f     3.62 

1     4-30 

4.94 

5-54 

^3-3 

.012 

2.63 

3.13 

3.98 

4-74 

5-42 

6.g8 

714 

.014 

2.S7 

3.40 

4.33 

!    5.15 

5.88 

6.5S 

'       62.^ 

.016 

3.0S 

3.65 

4.65 

■    5.53 

6.29 

7.^>8 

*       55-^> 

.oiS 

3.29 

3.89 

.     4.95 

1    5.88 

6.69 

7-52 

'       50.0 

.020 

.■>-4^ 

4.13 

.     5- 24 

6.22 

7.08 

7.95 

'       33-3 

.03 

4.3t» 

5.13 

i     6.52 

7.75 

8.78 

9-7^^ 

25.0 

.04 

-.0-, 

5.95 

7.57 

I      8.94 

10.18 

11.38 

2t).0 

.0^ 

'^M 

6.72 

8.50 

'    10.00 

11-45 

12.73 

i6.() 

.06 

0.23 

7-42 

932 

;    11.00 

12.54 

14.05 

M-3 

.07 

6.79 

S.oS 

10.12 

i    11.92 

13.60      1 

15.22 

12.5 

.oS 

7.30 

S.60 

10. 88 

1    12.83 

14.58 

16.28 

1 1. 1 

.<>«1 

7.  So 

9.24 

11.56 

13.66 

15.70 

17.30 

10. 0 

.10 

S.25 

975 

12.20 

14.40 

16.36 

1S.26 

^•33 

.12 

().  10 

1 0. 70 

1340 

1    15.88 

18.00 

20.06 

7.i.» 

.14 

0.S4 

II. 5S 

14.52 

1    17.16 

19-45 

21.70 

(».2S 

.l(» 

10.50 

I2.4r> 

15.58 

f    18.86 

20.88 

23.24 

5.S5 

.iS 

11.25 

13.20 

16.56 

i  19.50 

22.20 

24.68 

'          5.«y» 

.  .N » 

ll.<)0 

14. IK) 

17.50 

'  20.64 

23.50 

26.10 

.l.«><» 

1 

.2^ 

13.30 

1  -    --> 

19.68 

23.30 

26.51 

29.40 

\.  \\ 

1 

1 

14.<>3 

17.30 

21.65 

25.64 

29.18 

32.45 
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TABLE    No.    64  —  (Continued). 

Velocities,  Vy  for  given  Slopes  and  Diameters, 
FOR  Long,  Clean  Iron  Pipes. 


Sink  of 
Slops. 

Diameters. 

St^OPB. 

14  inch. 

x6" 

18" 

ao" 

?4" 

a7'' 

1. 1667  ft. 

1.3333'- 

1.50'. 

1.667'. 

a'. 

a.as'. 

.       A" 

Velocity. 

Velocity. 

Velocity. 

Velocity. 

Velocity, 

Velocity. 

'-    I 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

I  in  loooo 

.0001 

.54 

.59 

.65 

.70 

.79 

.86 

I    ••     5000 

.0002 

.78 

.85 

.94 

1. 01 

I.I4 

1.24 

I    ••     3333 

.0003 

.96 

1.05 

1. 15 

1.24 

I.4I 

'•53 

I    •*     2500 

.0004 

1. 12 

1.23 

1.33 

1.44 

1.63 

1.76 

I    ••     2000 

.0005 

1.26 

1.39 

1.50 

1. 61 

1.82 

1.97 

I    ••     1667 

.0006 

1.38 

1.53 

1.65 

1.77 

2.00 

2.17 

I    ••     1428 

.0007 

r.50 

1.65 

1.78 

1.92 

2.17 

2.35 

I    •*     1250 

.0008 

1.62 

1.77 

1.92 

2.06 

2.33 

2.51 

I    ••     nil 

.0009 

1.72 

1.89 

2.04 

2.19 

2.48 

2.67 

I    ••     1000 

.0010 

1. 81 

1.99 

2.15 

2.31 

2.62 

2.82 

I    -       909 

.0011 

1.90 

2.09 

2.26 

2.43 

2.75 

2.96 

I    ••       833 

.0012 

1.99 

2.19 

2.36 

2.54 

2.88 

3.10 

1    -       769 

.0013 

2.08 

2.28 

2.46 

2.64 

3.00 

3.22 

I    ••       714 

.0014 

2.16 

2.36 

2.56 

2.74 

3.12 

3.35 

1    ••       667 

.0015 

2.23 

2.45 

2.65 

2.84 

3.23 

3.47 

1    •*       625 

.0016 

2.31 

2.53 

2.74 

2.94 

3.33 

3.58 

1    •*       588 

.0017 

2.38 

2.61 

2.83 

3.03 

3.43 

3.70 

I    '•       556 

.0018 

2.45 

2.69 

2.91 

3.12 

3.54 

3.81 

1    ••       526 

.0019 

2.52 

2.77 

2.99 

3.22 

3.64 

3.92 

I    ••       500 

.0020 

2.58 

2.85 

3.08 

3.30 

3.74 

4-03 

I    *•       455 

.0022 

2.72 

3.00 

3.23 

3.47 

3.92 

4.23 

I    •'       417 

.0024 

2.86 

3.13 

3.38 

3.63 

4.10 

4.43 

I    ••       385 

.0026 

2.98 

3-27 

3.52 

3.78 

4.27 

4.61 

1    •*       357 

.0028 

3.10 

3.39 

3.65 

3.93 

4.43 

4.80 

I    •*       333 

.0030 

3.22 

3.52 

3-79 

4.07 

4.60 

4.98 

I    **       286 

.0035 

3.49 

3.82 

4.ir 

4.42 

4.99 

5.38 

I    *•       250 

.0040 

3.75 

4.10 

4.42 

4-73 

5.34 

5.74 

I    •*       222 

.0045 

4.00 

4.36 

4.70 

5.04 

5.67 

6.IO 

I    ••       200 

.0050 

4.23 

4.61 

4.97 

5.33 

5.99 

6.45 

I    •*       182 

.0055 

4.45 

4.85 

5.22 

5.59 

6.29 

6.78 

I    -       167 

.0060 

4.66 

5.07 

5.46 

5.86 

6.58 

7.09 

I    •*       154 

.0065 

4.86 

5.29 

5.68 

6.10 

6.85 

7.38 

I    ••       143 

.007 

5.05 

5.51 

5.91 

6.34 

7.10 

7.66 

I    ••       125 

.008 

5.40 

5.90 

6.35 

6.78 

7.60 

8.21 

I    •*       III 

.009 

5.74 

6.26 

6.74 

7.19 

8.08 

8.72 

I                                       100 

.010 

6.o3 

6.61 

7.12 

7.58 

8.52 

9.19 

I            -                           83.3 

.012 

6.69 

7.25 

7.82 

8.33 

9.38 

10.10 

I            *•                            71.4 

.014 

7.23 

7.85 

8.44 

9.01 

10.15 

10.94 

1            ••                           62.5 

.016 

7.74 

8.41 

9.04 

9.64 

10.88 

11.70 

I           •'                            55.6 

.018 

8.24 

8.95 

9.61 

10.25 

11.54 

12.43 

I            **                            50.0 

.02 

8.70 

9-45 

10.14 

10.80 

12.15 

13-10 

I           "                           33.3 

.03 

10:72 

II. 61 

12.50 

13.30 

14.96 

16.10 

I           '•                           25.0 

.04 

12.46 

13- 50 

14.52 

15.48 

17.32 

18.70 

I           "                           20.0 

.05 

14.00 

15.10 

16.25 

17.34 

19.40 

21.00 

I    *•          lO.O 

.10 

19.95 

21.65 

23.30 

24.76 

27.50 

29.80 
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TABLE     No.    64  —  (Continued). 

Velocities,  v,  for  given  Slopes  and  Diameters, 
FOR  Long,  Clean  Iron  Pipes. 


f^ 

DiAMBTERS. 

Sink  ok 

Slopb. 

Slopb. 

30  inch. 

33" 

36" 

40" 

44" 

4r 

A" 

2.5  ft. 

a.75'. 

V. 

3-3333'. 

3.666/. 

4*. 

y^iocity. 

Velocity. 

Vetocity. 

I'eiocity. 

Velocity. 

reixitf. 

'-     / 

Ft.  fer  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft. perm. 

I    in  20000 

.00005 

.66 

.70 

.76 

.81 

.87 

.93 

*     ICXXX) 

.0001 

.94 

1. 00 

1.07 

1. 16 

1.23 

1.32 

*     5000 

.0002 

1.34 

1.42 

1.53 

1.64 

1.74 

1.86 

*     3333 

.0003 

1.64 

1.74 

1.87 

2.01 

2.13 

2.2« 

'     2500 

.0004 

1. 89 

2.02 

2.16 

2.32 

2.45 

1      2.62 

1 

•     2000 

.0005 

2.12 

'      2.26 

2.42 

2.61 

2.75 

'     2.93 

•     1667 

.0006 

2.34 

2.48 

2.65 

2.86 

3.01 

1      3-22 

*     1428 

.0007 

2.53 

2.68 

2.87 

3.08 

3.31 

3.50 

*     1250 

.0008 

2.71 

2.88 

3.07 

3.30 

3.54 

3-76 

*     nil 

.0009 

2.88 

3.06 

3.27 

3.50 

3.76 

4.00 

'     1000 

.0010 

3.04 

3.25 

3.45 

3.70 

3.96 

4-24 

*       </>9 

.0011 

3.20 

3.41 

3.63 

3.87 

4.15 

1     4.43 

*       S33 

.0012 

3.33 

3.56 

3.76 

4.07 

4.35 

4.6s 

*       769 

.0013 

3.48 

3.70 

3.94 

4.24 

4.52 

1     4.84 

*       714 

.0014 

3.61 

3.85 

4.09 

4.40 

4.69 

5.03 

•       667 

.0015 

3.74 

3.99 

4.24 

4.54 

4.85 

1     5.19 

625 

.0016 

3.87 

4.12 

4.38 

4.72 

5.03 

5-3fc 

•       588 

.0017 

3.99 

4.25 

4.52 

4.85 

5.20 

'     5.53 

*       556 

.0018 

4.11 

4.37 

4.65 

5.00 

5.36 

5.70 

526 

.0019 

4.22 

4.49 

4.78 

5.14 

5.51 

5.53 

500 

.0020 

4.33 

4.62 

4.91 

5.28 

«;.67 

6.00 

1 

'       455 

.0022 

4.55 

4.84 

5.15 

5.45 

5. 84 

6.30 

'       417 

.0024 

4.75 

5.06 

5.36 

5.78 

6.22 

6.59 

•       385 

.0026 

4.95 

5.27 

5.60 

6.03 

6.47 

i     6.S7 

357 

.0028 

5.14 

5.47 

5.82 

6.24 

6.70 

'     7.14 

'       333 

.0030 

5.32 

5.66 

6.04 

6.48 

6.94 

7.33 

286 

.cx)35 

5.76 

0.14 

6.53 

7.00 

7.50 

8.00 

'       250 

.004 

6.16 

6.58 

6.97 

7.50 

8.00 

1     8.53 

*           2<MJ 

.005 

6.90 

7.38 

7.78 

8.40 

8.97 

i     9-55 

i(»7 

,(X)6 

7.58 

8.og 

8.54 

9-23 

9.84 

■  10.49 

143 

.<x)7 

8.22 

S.75 

9.26 

9.96 

10.65 

1   11.35 

12? 

.(.H)'^ 

8.  So 

9.35 

9.93 

10.66 

11.65 

'  12.13 

Ill 

.cxx; 

9-  34 

9-93 

10.53 

"34 

12. II 

1  12.es 

H)'J 

.mo 

9.S() 

10.47 

ir.i2 

11.95 

12.73 

13.4^ 

■''3.3 

.oi  2 

10.80 

1 1 .  50 

12.18 

13.11 

13.93 

I4.»7 

7«.| 

.014 

1 1 .  (»9 

12.45 

13.19 

14.17 

15.04 

16.10 

(.'.'0 

.orO 

12.53 

13.30 

14.12 

15.16 

16.08 

.  il.io 

.oiS 

13. 28 

14.14 

I5.tx) 

16.10 

17.42 

iS.iS 

'          50.0 

.020 

I4.<X) 

14.93 

15.80 

17.00 

18.20 

'  19.30 

45.4 

.022 

14.72 

15.70 

16,60 

17.84 

19.  iS 

20.20 

41.7  ' 

.024 

15.42 

1 6. 40 

17.40 

18.60 

20.08 

21.12 

;         3^*^.? 

.o2() 

l6,o<") 

17.19 

18.10 

19-34 

20.90 

1  21.9s 

35-7    ' 

.02S 

16.65 

17.70 

18.80 

20.08 

21.68 

•2.S0 

I    "         33-3    : 

I 

t 

•03 

17.24 

1S.40 

19.50 

20.84 

22.40 

23.66 
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TABLE     No.     6  4  — (Continued). 

Velocities,  7%  for  given  Slopes  and  Diameters, 
FOR  Long,  Clean  Iron  Pipes. 


DiAMETBRS. 

Sink  op 

SLorB. 

Slopk. 

54  incli. 

60" 

tmr." 
79 

84" 

96" 

4.5  ft. 

5'. 

6'. 

7'. 

8'. 

k" 

Velocity. 

Velocity. 

Velocity. 

Velocity. 

Velocity. 

'"     / 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft.  per  sec. 

I   in  loooo 

.0001 

1.42 

1.56 

1.78 

2.01 

2.23 

•      5000 

.0002 

2.02 

'2.19 

2.51 

2.83 

3.15 

1"  * 

*     3333 

.0003 

2.46 

2.69 

3." 

3.46 

3.84 

*     2500 

.0004 

2.85 

3.10 

3.55 

4.00 

4.46 

*     2000 

.0005 

3.20 

3.48 

3.98 

4.50 

5.00 

•      1667 

.0006 

3.53 

3.84 

4.36 

4.90 

5.47 

*      1428 

.0007 

3.82 

4.15 

4.72 

5.34 

5.89 

•      1250 

.0008 

4.08 

4.45 

5.08 

5.69 

•      6.26 

*      iiii 

.0009 

4.30 

4.73 

5.38 

6.03 

6.63 

*      1000 

.0010 

4.60 

4.97 

5.60 

6.35 

6.98 

•       909 

.0011 

4.80 

5.23 

6.00 

6.66 

7.3« 

•       833 

.0012 

5.02 

5.44 

6.25 

6.98 

7.60 

*        769 

.0013 

5.24 

5.67 

6.52 

7.28 

7.92 

714 

.0014 

5.45 

5.88 

6.75 

7.58 

8.20 

•       667 

.0015 

5.63 

6.09 

7.00 

7.83 

8.48 

625 

.0016 

5.72 

6.30 

7.24 

8.10 

8.76 

588 

.0017 

6.00 

6.50 

7.47 

8.35 

9.04 

•       556 

.0018 

6.18 

6.69 

7.68 

8.63 

9.34 

526 

.0019 

6.36 

6.86 

7.90 

8.82 

9.62 

•       500 

.0020 

6.53 

7.04 

8.10 

9.04 

9.88 

'       455 

.0022 

6.86 

7.38 

8.50 

9- 50 

10.40 

'       417 

.0024 

7.17 

7.70 

8.88 

9.95 

10.88 

•       385 

,0026 

7.47 

8.03 

9.22 

10.36 

"33 

*        357 

.0028 

7.75 

8.34 

9.58 

10.78 

11.76 

*       333 

.(X)3o 

8.03 

8.64 

9.91 

II. 15 

12.18 

286 

.0035 

8.68 

9.35 

10.72 

12.05 

13.16 

250 

.004 

9.29 

10.01 

11.48 

12.87 

14.10 

200 

.005 

10.42 

11.24 

12.86 

14.42 

1 5- 80 

167 

.006 

11.42 

12.32 

14.00 

15.92 

17,20 

1    ••        143 

.007 

12.35 

13.33 

15.10 

17.00 

18.50 

292.  Values  of  h  and  W  for  Given  Velocities.— 

n  Table  65  are  given  the  valnes  of  li  and  Ti  for  given 
elocities,  which  are  to  be  subtracted  from  H  to  compnte 
lie  height  of  the  slope  balancing  the  resistance  R. 

The  velocity  being  known  approximately,  its  correspond- 
ag  m  for  any  given  diameter  may  be  taken  from  the  table 
tm^  page  242,  and  inserted  in  the  formula : 


--^3~H.  (^ , l;^i^- 


FLOW   OF   WATER  THBOUOU   PIPES. 


TABLE    No.    68. 
Tables  of  k  and  A'  due  to  Given  Velocities,  A  and  k'  ■ 


r   FEET  AND  V  IN    FEET  PER  SECOND. 


0177 


.0153 

.0278 
.0303  , 
.0328  . 
■03S3 
■«37g  ■ 
.0404  I 

-OJS')   I 

.0454 

.0480 
■0505  ' 
.0530  ' 
."555  ' 


■'."  I 


.0903 

.0978 
1053 


..ocit.. 

* 

+47 

31 

4-54 

1» 

■11 

4.68 

M 

4-75 

31 

4.91 

■\b 

4-87 

1-94 

18 

5.ot 

n 

507 

40 

4t 

5.J6 

41 

i-3a    1 

44 

5.38    j 

-45 

6.17 

6.18   ! 

24S3 

6.3a   ' 

.63 

M=« 

6-37 

.6, 

6.4a    ; 

.64 

.'323 
.2373 
.2424 
■2474 
.251S 
•257s 
.3626 
.2676 
.»7a7 
■2777 
.382B 
.2878 
.2939 
.2979 
.3030 
.3080 
.3131 
.3181 
.3232  I 

■3333  I 

•3383 

■3434  I 

.3484  I 

■3535  I 

■3585 

.3636  I 

.3686 

.3737 

■3787 

.3838 

.3888 

•3939 


r 

" 
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TABLE    No.    6  3— (Continued). 

Tables 

OF  ^  AND    A'   DUE  TO   GiVEN    VELOCITIES,    A   AND 

A'   BEING 

I^ 

FEET  AND  V  IN 

FEET   PE 

*   SECOND. 

Vdodlf. 

A 

■    V 

i*f 

Vdodly. 

A 

4' 

**»' 

7.13 

•79 

-3989 

1.1889 

33.34 

7-75 

3-914 

I..664 

7.18 

.80 

.4040 

2040 

23 

70 

B 

4.040 

040 

7.2a 

.Bi 

.4090 

3190 

33 

■^5 

8.35 

4.166 

666 

7.a6 

.83 

.4141 

3341 

23 

40 

8,50 

4.393 

792 

7-31 

■83 

.4191 

3491 

33 

74 

8.75 

"3 

.69 

7-3S 

-84 

.434a 

3643  ' 

34 

07 

9 

4-545 

'3 

545 

7-40 

.85 

.4393 

379a  ■ 

34 

9.25 

4.671 

13 

921 

7-44 

.86 

.4343 

3943 

34 

73 

9.50 

4-797 

14 

397 

7.4B 

.87 

■4393 

3093 

35 

9-75 

4-924 

674 

7.53 

.88 

■4444 

3*44 

25 

38 

5.050 

15 

050 

7-57 

,99 

-4494 

3394 

35 

69 

"35 

5->;6 

15 

436 

7.61 

-90 

-4545 

3545 

36 

10.50 

5.303 

"5 

802 

7.6s 

.91 

-4595 

3695 

36 

32 

'0-75 

5-492 

16 

243 

7-70 

-9» 

.4646 

3846 

63 

5-555 

16 

555 

7-74 

■93 

.4696 

3996 

36 

11.35 

5.68: 

16 

931 

7.78 

.94 

-4747 

4147 

27 

11.50 

5 -807 

17 

307 

7.ea 

■95 

.4797 

4=97 

27 

11-75 

5-934 

17 

684 

7.86 

.96 

.4B43 

4413 

37 

6.060 

18 

060 

7.90 

■97 

.4898 

4598 

28 

12.5 

6.186 

iB 

686 

7.94 

.98 

-4949 

4?49 

38 

6.565 

19 

565 

798 

■99 

-4999 

4899 

29 

13-5 

6.817 

317 

B.03 

-SOS 

505 

30 

7.070 

8.97 

i-as 

-631 

S81 

30 

■4-5 

7.323 

823 

9.83 

1.50 

■  757 

357 

31 

7-575 

575 

10.6a 

'■75 

-884 

634 

31 

'5-5 

7.837 

33 

327 

32 

8.DB0 

24 

080 

11.35 

3.25 

l!l36 

386 

32 

16.5 

8-332 

34 

832 

13.6 

J. SO 

1.363 

863 

33 

8.585 

35 

585 

13.30 

a-7S 

1-389 

139 

33 

17-5 

8.837 

36 

337 

"3-9 

3 

1-515 

515 

34 

9.090 

27 

090 

14-47 

3.33 

1. 641 

B91 

34 

18. s 

9.342 

27 

842 

iS-O 

3.50 

1.767 

26J 

35 

9-595 

2S 

595 

'5-54 

3.7s 

1.894 

5 

''44 

35 

■9-5 

9-847 

29 

347 

J6.05 

4 

6 

35 

30 

16.54 

4.35 

2.146     1      6 

396 

36 

10.353 

31 

353 

17  oa 

4.  SO 

3.373     1     6 

773 

^l 

33 

17.49 

4.75 

a-399     1     7 

149 

38 

11I615 

34 

615 

17-94 

5 

3.535          7 

525 

39 

36 

18-39 

5.«S 

3.651          7 

90- 

40 

13.635 

37  62s                   ■ 

iS.Ua 

5-50 

3-777         8 

377 

13-130 

39  130                     ■ 

!9-24 

5-75 

a.904          3 

(,54 

13-635 

40.635                     1 

19.66 

6 

3-030     1     9 

030 

43 

28 

14.140 

48 

140                   ■ 

ao-06 

6.35 

3-156         9 

406 

43 

29 

14.645 

43 

645                   I 

ao.46 

so. 85 

6,so 

6.7s 

3.383 

3.409 

9 

7S3 
'59 

47 

30 
35 

15.150 
17-675 

45 

■50                  1 

52 

675                  1 

ai.as 

7 

3-535 

535 

50 

40 

60 

200                   ■ 

31. 6t 

7.a5 

3.66t 

911 

53 

45 

33-735 

67 

725                  1 

ai.gS 

7. SO 

3-787 

II  387 

56.7 

50      , 

35-350 

75-250                  ■ 

fc.                            J 
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293.    Classified  Equations  for  Telocity,  Hea4, 
Volume,  aud  Diameter. — The  coefficients  of  flow  for  tin  |^ 
given  slopes  and  diameters  being  detennined,  they,  witk 
the  coefficients  of  resistance  of  entay  for  different  forms  of  1^ 
entrance,  may  be  introduced  into  the  classified  equations  |^ 
for  velocity,  and  their  resolutions  for  head,  volume,  and 
diameter  completed ;  when  the  equations  will  become,* 


"igH 


\ 


«=  -^ 


1.054 -f-m- 

T 


2  r    for  pipes  with  weH-rounded  eotrmnoes.        [d\ 


igH 


\ 


1.505  H-m- 
r 


I  V    for  pipes  with  tquftre^dged  flush  eiitnuKXS.(5) 


2gH 


\ 


1.956+OT- 


for  pipes  with  sqnsre-edged  cwtnificsi  pto* 
Jecting  into  the  resenrolr. 


(19) 


(e)J 


294:.  Coeflicients  of  Entrauee  of  Jet. — Other  values 
of  <v,  lor  other  conditions  of  pipe  entrance,  or  other  coef- 
ficients of  velocity  ^,,  maybe  taken  from,  or  interpolated 
in  tlie  follo^ving  table,  computed  from  the  formulas, 


cv  =  -2  —  1 ;       and 


"tr+i/* 


TABLE     No.    ee. 

Values  of  c^  and  c  for  Tubes. 


*^  or  r. .  I    .gS.» 


•H« 


.0*4       .950       .0^5       .900       .S75 


.O.N4       .ux)       .1^       .235       .306 


III,..    I  l.t^l  I  I  ON4  I  l.uxj      i.lfV     1*3^     ^'3f^ 


.850       .835 


'•383     «.469  I  1-S05 


•383  .    ^469      .505      -563 


«-S^  !  «.77« 


*  \  iiio  r«>::;iu::(s  Tr  1/  an«t  d   in  }M8<K  page  499. 


TRANSPOSITIONS  OF   FORMULAS.  267 

395.  Transpositions  of  Formulas.  —  In  the  for- 


Bs  for  V  in  long  pipes  we  have  v  =  y^x  V  -n  - 

2e  the  value  of  2g{=.  64.4)  may  be  taken  as  constant  for 
isual  pipe  computations,  we  may  take  c  as  the  symbol  of 

—  and  write  v  =  c-j  —j-  >   and  also  several  expressions 
V  and  its  transpositions  as  follows : 

m 

=1 


,    ,  X  4.  =  .06211'-^  =  ^  (21) 


=  -^7 — r-  =  16-1 — r  = i (23) 

=  .7854<Pt;  =  .3927c  i^d'  X  {y  }*  (24) 

vhich  ^,  A",  and  I  are  in  feet,  the  rate  v  in  feet  per 

)nd  and  the  volume  q  in  cubic  feet  per  second,  and  values 

71  may  be  selected  from  Table  No.  61,  page  242,  and 

les  of  c  from  Table  66a,  page  268,  for  the  given  values 

I  and  V. 

Equivalent  formulas  for  h'\  v,  d^  and  Z,  with  fractional 

onents,  are  given  in  §  298,  page  271 . 

Al  table  of  coefficients,  6»,  for  clean,  smooth,  cast-iron 

es,  of  Class  C  in  roughness,  for  different  diameters  and 

)cities,  is  given  on  i>age  268  following. 
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COEFFICIENTS   FOR  SMOOTH    PIPES. 


TABLE    No.    66a. 

Coefficients  of  Flow  (c)  of  Water  in  Smooth-Coated,  Cast- 
Iron  Pipes,  under  Pressure,  at  Different  Velocities  and  ii 


rirt^^sjr 

XJ 

ir  r  CKi 

E.X«  t    A^lAJK&l 

cKa.  c  — 

>     m 

^  4/ 

♦  '' 

DiAMKTKBS. 

i  ELOcmr.         ,    .     . 
}'2  inch. 

.0417  feet. 

1-              ' 

.las'* 

.1458'- 

Coefficient . 

1 

:>rcomJ. 

CifjffSciemt.      Cttjfficient. 

1 

CoejffUient, 

CWfficiemt. 

.  I 

•     ■     •     • 

1 
•  *  •  • 

•     •     •     • 

•  •  »  • 

78.00 

79.00 

.2 

•     •     •     • 

.... 

•           •     • 

7875 

79-75 

80.80 

•3 

•     •     «     • 

77-50 

7^-75 

80.30 

81.25 

82.40 

-4 

•      •      •      • 

79.00 

80  30 

81.65 

82.60 

83.50 

•5        i 

78.35 

80.  10 

81  40 

82.75 

83-70 

84.60 

.6 

79-25 

81.10 

82.40 

83-75 

84.63 

•         85.50 

•  / 

80.1^ 

8 1 .  90 

S3- 35 

84.60 

85-45 

86.40 

8 

80.86 

82.70 

84.12 

8535 

86.2! 

'         87.10 

9 

8 1 . :;  I 

^^3-3'^ 

84.81 

86.00 

86.90 

87.75 

I.O 

>^2,r. 

-^93 

^^5-47 

86.65 

87.55 

88.35 

1. 1 

82.86 

84.50 

86.0:; 

87.25 

88.11 

88.85 

1  2 

i^3-40 

85.03 

86.60 

87.80 

88.61 

89.35 

1    ■* 

^^3.93 

85.49 

87.  10 

88.30 

89.11 

89.85 

i  4 

^4-43 

-'^5-95 

^7-55 

88.75 

89.60 

90.30 

I  •  5 

84.90 

80. 40 

88. 00 

89.20 

90.02 

90.70 

1.6 

^o.  8 1 

88.40 

89.60 

90.42 

91.  10 

T       ** 
*  •    i 

85.80 

87.20 

88.80 

90.00 

90.80 

91.45 

i.S 

8d.  2  0 

87.61 

89. 1 2 

90-39 

91. 16 

91.80 

*  9 

86.60 

SS.oo 

89.50 

90.74 

91-50 

92.12 

2.0 

88. 30 

>9.85 

91.14 

91.85 

92.46 

-  -5 

S:.oc 

So.  22 

00.70 

91.90 

92.70 

93-26 

^^s.:c 

or. 00 

01.41 

92.65 

93- 40 

94.00 

•   * 

So.  45 

oc.  So 

02. 1 1 

93-35 

94.10 

94.65 

.^.- 

0".  1  5 

01  4: 

v.2.75 

94.00 

94.66 

9536 

^\  5 

01   4^ 

^--  75 

0  ;.0  2 

95-15 

95-80 

96.33 

or..'\; 

1"  *  0  * 

05.  CO 

96.15 

96.75 

97.31 

*•;."; 

'5  ^^5 

ij'-vSj 

97  94 

^8.50 

99.09 

.v^  ;< 

*.'*  ■■^: 

...S.  ;i 

09.40 

99.95 

I  00.  45 

i'^   ;.^ 

^:S    .>; 

.  .)  -c 

100.63 

loi.  10 

101.65 

\ 

x^        >.^ 

1  .^  .^   :  * 

101.80 

102.26 

102.70 

1  \ 

'•^  >> 

4     N          »             .       N 

■       ^         •                         ^ 

102.  70 

103.12 

I  03- 63 

,  ^ 

I.  ;.; 

^       *           l'    .       "^ 

103.49 

103.85 

104.33 

\ 

'■*  •'".'^ 

1         N      •            •    X 

104.70 

104.93 

105.4c 

1 
t 

^  •'^> 

'.  .^  ;     •  .^ 

105.40 

105.70 

1 06. 1  0 

\ 

J        l»V» 

1   \      >       V     V 

k      J^     ^            ..1      -" 

lob.'oo 

106.32 

io6.6:> 

\ 

X       0 

»    v^>       »*" 

1     V      >*.             s.      % 

100.50 

106.75 

107. 16 

1  • 

s' 

• 

»vH»   ;n 

100.80 

107.10 

107.56 

\\y 


\  .\ 
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TABLE    No.    6  6  a  — (Continued.) 

HofiBlrJriciENTS  OF  Flow    (c)    OF  Watek  IN   Cleak  Cast-Iron' 

Pipes,  under  Pressure. 


Diameters. 

ITblocity. 

3  inch. 

a" 

6" 

8" 

lo" 

la" 

.35  feet. 

•3333'. 

.5'. 

.6667'. 

.8333'. 

x'. 

F*ttp*r 

Coffficient. 

Cotfficitnt. 

CotfficitMt. 

Coefficitnt. 

Qffjfficiemt. 

Coefficient, 

.1 

80.75 

82.00 

84.00 

.  87.00 

89.50 

:  92.00 

.2 

82.50 

83.70 

85.80 

89.50 

92.  10 

94.50 

•3 

83.90 

85.20 

87.75 

91.30 

93.60 

96.22 

4 

85.10 

86.40 

89.25 

92.50 

94.75 

97.35 

-5 

86.16 

87.54 

90.40 

93.44 

95-75 

98.25 

.6 

87.02 

88.45 

91.40 

94.22 

96.55 

99- 05 

-7 

87.75 

89.30 

92.25 

95.00 

97.25 

99.72 

.8 

88.54 

90.  10 

93.00 

95.65 

97.90 

100.33 

9 

89- 25 

90.80 

93.68 

96.28 

98.55 

100.89 

,o 

89.84 

9'. 43 

94.30 

96.85 

99.16 

1 0 1 .  40 

I 

90.41 

92.05 

94.86 

97.35 

99.65 

toi.89 

.2 

90.96 

92.63 

95.40 

97.88 

100.17 

102.33 

3 

91.42 

93.15 

95.90 

98.36 

100.63 

102.75 

4 

91-93 

93.63 

96.35 

98.80 

101.08 

>o3.23 

5 

92.37 

<  94.08 

96.77 

99.23 

101.48 

103.55 

6 

92.73 

9450 

97.17 

99.61 

101.87 

103.88 

7 

93- 25 

94.90 

97. 57 

99-97 

102.20 

|o4  24 

8 

93. 63 

9527 

97.92 

100.39 

to2.55 

?04.55 

9 

94. 00 

95.65 

98.25 

ioo.62 

1                  ' » 

102.87 

104.85 

2. 

o 

94.33 

96.00 

98.61 

too.  92 

10*3,15 

05.16 

2 

■^5;. 

95.12 

96.78 

99-35 

ioi.6i 

103.80 

05.80 

2 

5 

95.77 

19745 

100.04 

102.20 

1 

io4.4o 
J04.95 

406.32 

2. 

-75 

196.41 

98.  II 

100.63 

102.65 

1 

J06.85 

3 

0 

97.00 

98.63 

ioi.i6 

103.25 

105.40 

107.30 

3 

•5 

98.05 

99.63 

i02.11 

^04.18 

io6. 24' 

1          • 

io8.io 

4 

99.00 

100.45 

102.93 

^05. 00 

106.95 

|o8.8o- 

5 

100.65 

102.00 

104.40 

106.40 

108.20 

109.90 

6 

101.79 

'03.35 

105.55 

J07.55 

109.20 

<io.85 

7 

103.00 

104.50 

to6.53 

108.50 

110.05 

<  1 1.60 

1 

8 

104.00 

105.35 

107.32 

109.20 

110.77 

112.25 

9 

i'o4. 76 

io6. 10 

108.03 

'    109.72 

ur.35 

U2.72 

lO 

105.40 

106.66 

108.50 

1 10. 12 

U1.75 

113.10 

12 

106.40 

107.45 

109.38 

1 10.90 

112.37 

113.82 

14 

107.03 

108. 10 

109.90 

III. 50 

112.90 

114.40 

i6 

107.30 

108.65 

1 10. 50 

1 12.00 

113.40 

ii5.oo 

i8 

107.96 

109.  20 

110.85 

112.50 

113.90 

115.36 

20 

108.40 

109.60 

II  1.20 

■ 

113.00 

114.35 

115.70 

'ZiSHb 
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TABLE    No.    6  6a  — (Continued.) 

Coefficients  of   Flow    (c)    of   Water    in    Clean    Cast-Iroi 

Pipes,  under  Pressure. 


Dl  WVTE 

KS. 

Vkl«k:itv. 

14  inch. 

10' 

:o 

JO 

24" 

1' 

1.6667  feet. 

^  y-ll- 

"••-  ■ 

\.'jOt.-J  . 

2'. 

i-2^ 

Sfcomd. 

Ct^fficient . 

CofpiKiemt. 

Cof^Kitnt.       C 

*Y^*  />»/.      i 

^fkctt*: 

•I       ; 

95.00 

97.50 

99.50 

101.50 

106.00 

109,00 

.2 

97.00 

99.00    . 

101.20 

I03.5P 

'O7.75 

I  iO.40 

•3 

98.25 

100.45     1 

102.60 

f04-75 

108.75 

11 1.30 

•4 

99.40 

101.55     ' 

103.70          ] 

»o5.75 

109.67 

112.10 

'00-35 

102.45 

104-45 

106.45 

I  10.40 

112.75 

.6 

lOI.  lO 

103.20 

105.20          1 

ro7-i6 

II 1 . 00 

^m^ 

101.80 

10385 

105.80          1 

107.70       ] 

'"-57   ! 

113.80 

.8 

io^-37 

104.42 

106.40          ] 

[08.25 

112.05 

114.25 

•9 

102.92 

104.95 

106.90    '      ] 

ro8.75       ] 

112.50 

114.7c 

I.O 

103-45 

105.46 

107.36          ] 

[09.20       ] 

'12-93  . 

115. 10 

1. 1 

103.90 

105.90 

107.80          ] 

109.65       ] 

'13-25  ' 

115.4H 

\.2 

104.4c 

IC6.3O 

108.20          ] 

[  1 0. 00  '    ] 

[13.60 

115.82 

13 

1 04. 78 

106.65 

108.55           1 

[  10.36       ] 

113-9'        = 

[16.13 

14 

105. 18 

107. oc 

108.90          ] 

110.70       1 

[  14. 23       ] 

116.45 

1.5 

IC^.  nC 

109.20          1 

[II. 00  •    ] 

[14.50       ] 

[  16. 70 

1.0 

IC7.6C 

109.50          1 

III. 30       1 

[14.76       ] 

[  1 6. 95 

1  : 

ICO.  17 

109.75           1 

[II. 55       1 

[15.00       ] 

[1 7. 20 

i.S 

ICD.45 

ICS.2C 

110.00          ] 

[II. 80       1 

[15.20       1 

[17.40 

1.0 

I  CD.  73 

ICS.45 

110.25           1 

112.03       1 

15.40       1 

[1 7.60 

r.c 

1     ■%  »        -s  .* 

t    V.      ^      .     Vr    ^ 

1  -^    - - 

IIC.50          1 

[1 2. 26       1 

[1 5. 60       1 

17.7& 

-  ^5 

IC7.03 

ICO.  25 

iii.c8       1 

[1 2. 80       1 

16.02  ;   ] 

18.21 

-  5 

icS.  10 

ICO. 75 

in. 53       1 

1320       1 

16.46  :   1 

18.60 

-•:5 

ICS.^2 

I  IC.CI 

H2.C0       1 

1365       1 

16.81  ^    I 

18.93 

3  --^ 

1        ■».      N            ^     "<fc 

1  :c.05 

112.36       1 

14.00       1 

I7-II  i    I 

19.22 

35 

ICO  >c 

:::  45 

113.  II        1 

[  14.56       1 

17.70      I 

19.73 

4 

1  ic  .:"• 

.  .  *  •  ^ 

*'3  T3       ' 

i^.io       1 

18.20      I 

20.13 

^ 

« 

1 ;  I  c^c 

» •  *  .  % 

X 

1 ' 

1 6. 04       1 

19.07  i    I 

20.85 

0 

1 : :  4  5 

.       •       X        «. 

- 

•5-^5       * 

16.75       1 

19.60      I 

21.40 

« 

1      •        \   .     .     V 

...                   • 

* 

17-36       1 

20.20  '   I 

21.85 

s 

%    1     %      «    • 

1 ' 

:r..:5        i 

17-75       J 

20. 60      I 

22.20 

%^ 

» .'     ^        1 

iS.io  .    1 

^.85      I 

22.50 

1  v^ 

\\  .     s  C 

:  ■.  5  S  :■ 

• 

[  *  r  ^        1 

18.45       * 

21.10      I 

22.85 

\  * 

;  •.  V    *  N 

•    *   •       <« 

«       " 

.  "  "  r        1 

IQ.OO          1 

21.60      I 

2335 

:  ) 

\  -.  >   S,' 

• 

IQ.  nO          1 

22.00      I 

237-^ 

_  \ 

:  .  ^     5        : 

10.  go       1 

24.0^1 

.  s 

4     <    <          .       N 

'  -    >  / 

1 

-^35       " 

22.50      I 

-4"T 

%      , 

\      t      •             XX 

m       •                   %       \ 

•.  •.  S    * . 

* 

■  ■  -i=        ) 

20,60       1 

32.75       « 
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268c 


TABLE     N  o. .  6  6a  — (Continued.) 

Coefficients  of  Flow    (^•)    of   Water    in    Clean    Cast-Irom 

Pipes,  under  Pressure. 


1 

I)l  VMKTKkS. 

VliI.«K"ITV. 

30  inch. 
2.5  feet. 

!      33'; 
2.75'. 

Coefficifttt. 

40" 

1        3  333'. 

8.^67'. 

48" 
4'. 

Feet  ^r 
Second. 

CoejfficieHt. 

Coefficient, 

Coefficient. 

Coefficient. 

Coefficient. 

.  I 

III. 50 

114.50 

117.00 

I  2  1 .  00 

124.00 

127.00 

.2 

113.00 

115-75 

118.25 

122.00 

125.20 

128.00 

3 

114.  00 

116.70 

119. 12 

122.70 

125.85 

128.70 

4 

114.83 

117.40 

120.00 

123.30 

126.40 

129.33 

•5 

115.40 

1 18.00 

120.63 

123.85 

126.85 

129.67 

6 

I  16.00 

118.45 

121.  10 

124.30 

127.25 

130.00 

116.50 

118.90 

121.60 

124.70 

127.60 

130.30 

8 

I  16.90 

119.30 

122.00 

125.04 

127.90 

130.60 

9 

117.33 

119.63 

122.36 

125.33 

128.20 

130.83 

o 

117.70 

120.00 

122.65 

125.65 

128.50 

1 3 1 .  00 

I 

I  18.00 

120. 25 

122.93 

125.90 

128.70 

131.20 

2 

118.30 

120.50 

123.18 

126.  12 

128.86 

.  '^Z'^'l^ 

3 

118.60 

120.75 

123.40 

.126.30 

129.04 

131.50 

4 

118.85 

121.00 

123.^0 

126.47 

129.20 

131.63 

5 

119.10 

121.25 

123.75 

126.63 

129.32 

131.76 

6 

119.30 

121.43 

123.90 

126.76 

129.42 

131.86 

/ 

119.50 

121.60 

124.05 

126.88 

129.55 

131.96 

8 

119.70 

1 21.80 

124.20 

127.00 

129.64 

132.06 

9 

119.86 

121.96 

124.31 

127.11 

129.72 

132.15 

2. 

.o 

120.04 

122. 1 1 

124.43 

127.21 

129.80 

132.24 

2. 

25 

120.32 

122.42 

124.  70 

127.48 

130.00 

132.46 

2. 

5 

120.51 

122.75 

I  24.92 

127.67 

130.20 

132.65 

2. 

75 

120.90 

123.00 

125.11 

127.86 

130.35 

132.82 

3 

.o 

121.12 

123.25 

125.29 

128.00 

130.50 

1 33"  00 

3 

5 

121.60 

123.60 

125.63 

128.32 

130.82 

133.36 

4 

122.00 

124.00 

^25. 93 

128.60 

131.10 

133.51 

5 

122.60 

124.55 

126.  so 

129.03 

131.50 

133.90 

6 

123.20 

125.07 

126.95 

129.41 

131.85 

134.20 

7 

123.62 

125.50 

127.40 

129.  70 

132.16 

134.50 

8 

124.00 

125.85 

127.75 

130.00 

132.45 

134.80 

9 

124.30 

126. 1 2 

128.00 

130.30 

132.75 

13505 

lO 

124.60 

126.40 

128.25  i 

130.55 

133.00 

13526 

12 

125.210    1 

1 26.90 

J 28- 73  i 

131.00 

133.40 

135-65 

M 

125.60 

127.30 

129. 16 

131.40 

133.80 

136.00 

i6 

126.00 

127.60 

129.50 

131.75 

134.10 

136.^25 

i8 

126.30 

128.00 

129.80  1 

132.10 

134.30 

136.42 

20 

126.54 

i28.2t;   ; 

130.00 

132.50 

134.50 

1 36..6i 

SaSd  ooanrioiKHTB  ros  emootn  nrm. 

TABLE    No.   66a.— (ConUnusd). 

CoKmciBMTs  or  Flow  (^)  or  Watsr  im  Cast-Ixom  Fiks,<mI 

Smooth  Hasohey,  umdbk  Pressure. 


Vuoon. 

ate 

r- 

^ 

r 

'■ 

S^ff 

CJ^fr-/. 

r«jb-««. 

c-**-*. 

tw>«./. 

c.^.   1 

131.40 

■34- 50 

140.50 

I4S-80 

.50.50 

.1 

i3» 'O 

13536 

141.50 

146.80 

■S'.Ii 

•  3 

.3»8o 

136.00 

i4»-ao 

147.50 

•S'«S 

■4 

133-30 

.36.48 

141.70 

148.00 

.53.4= 

■5 

"3365 

136.9. 

«43-'8 

.48.45 

.53.9" 

.6 

134.00 

'37-30 

'43-55 

148.78 

'54.30 

■7 

"34  »5 

137.60 

'43-85 

149.10 

.54.65 

.S 

« 34-49 

'37-84 

144.12 

■493' 

.54.90 

-9 

134  70 

"3*- 05 

>44-35 

149.60 

.55.15 

.34-86 

ij8:.. 

'44-55 

,4976 

1S53' 

I.I 

I35-M 

138-40 

144-65 

■49-95 

.55.4' 

.., 

135- «5 

.38.5J 

'4475 

■  SO.  09 

.55.5- 

.3 

135  »7 

13865 

144.90 

.50.18 

.55.60 

"4 

'35-40 

138.75 

.4500 

■  50.  a8 

■5565 

'5 

135  48 

138.83 

145  «o 

.5036 

'5570 

1.6 

"35  55 

.38.9' 

.45  »o 

■So.  43 

■55.74 

«-r 

i^S^i 

138-98 

145-^7 

■5050 

■55.77 

i.S 

■35-70 

139-04 

'45-3' 

■5057 

■  55.80 

i-«) 

«35  77 

139- '0 

'4537 

■  5063 

■5583 

:.o 

135  S3 

139-16 

145-4' 

■  50.70 

■55.87 

-  -5 

IJI6.00 

13931 

'45  57 

■  50.85 

■55.9s 

-'■5 

i.;o.it. 

"30-45 

145  70 

151.00 

.56.05 

-'■75 

I3f-,!-' 

130-60 

.45-87 

■  51.15 

156.18 

i3»-4: 

1 30-  7  ; 

.46-00 

■51.30 

■  56.15 

!'-5 

t3f75 

i,tg.o-' 

146.J6 

.5.56 

■  56.40 

4 

i,?:--?-- 

I4i.  li 

146.50 

■  S^.So 

156.50 

13:4-- 

140.40 

.46.90 

■  5>.>o 

,56.65 

i> 

I.;:-:? 

140.7.- 

ur.J5 

151.50 

.56.80 

i!:!.o.' 

14c -lb 

'47-50 

•5».75 

156.91 

S 

1>.-M 

141 -M 

147-75 

153.00 

.57.08 

g 

l,iS.4.- 

141  -If 

147-9' 

■S3.>5 

■  57.10 

1  ,iS.  CO 

141. PC 

14S.C3 

■53.30 

■  5730 

ijSotv 

i4--.l'r 

14^-^2 

.53.5' 

■57.51 

'4 

i3«»-.'.< 

14--.  40 

14S.3-' 

■53-«7 

•57.70 

16 

i,w  55 

14;-:,- 

.4S.40 

■53.73 

■5780 

iS 

i.i-j-rc- 

I4J  <>? 

14^^.45 

■53.»o 

■57.90 

JO 

i.w-^- 

143  ■'^^ 

I4S  50 

■S3!.90 

.58.06 

I  . 

1' 
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[}    296.  Frictional  Resistances  Classified. — The  co- 

icients  m  given  in  Table  No.  61,  and  c  in  Table  No.  66a, 
adapted  to  computations  of  flow  in  clean,  smooth- 
ifMisoated  cast-iron  pipes  as  ordinarily  used  in  public  water- 
^supply  systems.  Some  new  smooth-metal  varnislied  i>ipes 
dT»ve  coeflBcients  of  less  values  of  m  and  greater  values  of 
^.  c^  and  some  rougher  pipe  mat>erials  have  coefficients  vary- 
:  ing  in  the  opposite  directions.  When  pipes  are  tested  for 
T  flow  and  their  coefficients  developed  the  respective  coeflS- 
.  cients  show  with  much  precision  the  relative  roughnesses 
.  of  the  pipes. 

The  large  pipes  most  commonly  used  Jire  as  follows, 
with  classification  designated  by  letters  : 

A.  Very  smooth  metal  pipes  asphaltum  varnished. 

B.  Thin  riveted  or  cast-iron  i)ipes,  smoothly  varnished. 

C.  Clean,  smooth,  coated  cast-iron  pipes.  (Standard  of 
Roughness. ) 

D.  Cement-lined  iron  pipes. 

E.  Vitrified  stoneware  pipes. 

F.  Wood  stave  pipes. 

G.  Slightly  tuberculated,  or  rough-coated  cast-iron 
pipes,  and  large  steel  pipes  with  boiler  rivets. 

H.  Beton  Coignet  i)ii)f»s. 

I.  Brick  and  bri(*k-line(l  ])ipes. 

J.  Rough  brick-lined  i)ip(\s. 

K.  Foul  tuberculated  cjist-iron  pipes. 

L.  Very  foul  pipes  with  bends  and  valves. 

Table  No.  ^^h  gives  approxinuite  coeffic^ients  c  for  these 
tsevenil  classes  of  pipes,  A  to  L,  for  medium  velocities  of 
flow  and  for  the  several  standard  diameters  from  four  to 
ninety-six  inches. 

The  coefficients  c  may  be  used  in  the  above  formulas  for 
t?,  A,  d,  and  Z,  Nos.  20  to  24,  inclusive. 
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TABLB    No.  66b. 
Coefficients  for  Pipes  op  Classified 

For  medinm  Telocities  of  abom  three  feet  per 


Dtta. 

d 

A. 

B. 

C 

D. 

R. 

P. 

io  iocbes. 

in  feet. 

c 

c 

*• 

c 

c 

c 

4 

.333 

105.40 

103. 1 

98.6 

94.8 

91.4 

tt.3 

6 

.5 

108.25 

106. 1 

101. 1 

97.7 

94-4 

9I.J 

8 

.667 

110.75 

108.7 

1030 

100.3 

97.0 

95^1 

ID 

.833 

112.85 

III.O 

105.3 

102.3 

99.2 

96.0 

12 

I.O 

115.00 

113.0 

107  2 

104.3 

101.2 

98.1 

14 

1. 167 

117.20 

II5-0 

109.0 

106.2 

103.0 

loao 

l6 

1.333 

II9.15 

117.0 

110.6 

107.8 

104.7 

101.7 

i8 

1.5 

121.25 

118.9 

II2.3 

109.5 

106.4 

103.4 

20 

1.667 

123.10 

120.7 

II3.9 

III. I 

108.0 

lO^.O 

22 

1.833 

124.90 

122.4 

115.4 

1 12.5 

109.4 

106.6 

24 

2.0 

126.70 

124. 1 

117.0 

1 14.0 

110.9 

loS.i 

27 

2.25 

129.30 

126  5 

TI9.2 

1 16.3 

113.1 

1103 

30 

2.50 

131.80 

128.8 

121.3 

II8.4 

115.2 

1134 

33 

2.75 

134.30 

131. 1 

123.3 

120.4 

117.2 

114.5 

36 

3.0 

136.70 

133.3 

125.3 

122.4 

119.2 

116.5 

40 

3.333 

139.70 

136. 1 

127.9 

125.0 

121.8 

1 19.0 

44 

3.667 

142  60 

138.9 

130.5 

127.5 

124.2 

131.6 

48 

4.0 

145.20 

141. 4 

133.0 

129.9 

126.8 

133.S 

54 

4.5 

149.15 

145.2 

136.4 

133-3 

130.3 

137.8 

60 

5.0 

152.70 

148.6 

139.6 

136.6 

"33. 7 

13a  S 

72 

6.0 

159.50 

155.3 

145.8 

142.6 

1-9.7 

136.6 

84 

7.0 

165.80 

161. 8 

15«.3 

148.0 

145.1 

143.0 

96 

8.0 

172.00 

168.0 

156.2 

153.0 

149.8 

146.8 

2P- 

*  The  corresponding  values  of  m  =  -^  for  Class  C  will  be  found  in  Table 
No.  61,  page  243,  in  the  line  of  velocity  =  3. 

If  the  coefficient  is  desired  for  some  other  than  the  three 
feet  per  second  to  which  the  above  table  is  adjusted,  then 
let  v'  and  c  be  the  new  velocity  and  coefficient.  We  have 
then  their  proportionate  values 

-;.*;'..  — ^_  :  — - — ,  from  which  we  have  in  like  diameteri 

(/  z=c^X  —=    and    c  =  c  -— - 
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TABLE  No.  e  e  b-(ConUnu«d). 

COSmClEHTS  FOR   PiPES  OF   CLASSIFIED    ROUGBNU 


DiuD 

J 

G. 

H. 

,^ 

J. 

K. 

L. 

In  i™'«. 

hi  Icet. 

"■ 

(            * 

■333 

B1.8 

75.8 

67.8 

55.0 

45.6 

3B.0 

'            6 

■5 

85.6 

8g.3 

71.8 

61.0 

51.0 

42.Q 

8 

.667 

S8.4 

83.3 

75-0 

64.0 

SS.o 

46.0 

.833 

90.7 

85.8 

77.5 

67.0 

49.3 

93.0 

Ea.o 

69.2 

6ro 

SI. 7 

14 

.';°67 

«9 

V3 

Ba., 

71-5 

63.5 

53-5 

16 

1.333 

96.6 

9S,u 

84.1 

73-5 

65-5 

55- 1 

IB 

1-5 

98,4 

93.  a 

85-g 

75-3 

67-3 

56.8 

ao 

1.667 

95.5 

aj,6 

77.0 

69.0 

58.  a 

91 

T.833 

101.4 

97.0 

89.1 

790 

70.6 

59- S 

S4 

103.0 

g8-7 

80,5 

72.0 

6t.o 

a? 

t.iS 

los.a 

92.6 

81.4 

740 

6a.  I 

30 

85 

107.3 

103.1 

W-7 

84.0 

75-9 

63-3 

33 

a  75 

109.3 

IOS.3 

96.6 

86.0 

77.6 

65.0 

36 

3.0 

HI.3 

107.3 

9S.4 

B7.7 

79.2 

66.  S 

40 

3333 

1007 

90.0 

B>.3 

68.0 

44 

3«7 

Il6!6 

IIS.4 

1030 

92,0 

83.2 

6q.6 

48 

4.0 

i:S.8 

M4.S 

los.a 

9*0 

&5-0' 

71.0 

S4 

4  5 

118.3 

96,2 

87.3 

73-4 

60 

50 

US. 5 

121.6 

111.3 

99,0 

89. 6 

75.0 

V      7a 

6.0. 

131.8 

127.8 

117.0 

103.3 

93.q 

78.5 

84 

7.0 

'37  5 

133» 

107.5 

97.6 

81.6 

96 

fl.o 

142.8 

138.0 

I26!8 

85.0 

'  The  table  and  diagram  of  classified  coefficients,  c,  illas- 
trate  also  the  transitions  of  pipes  from  class  to  class  and 
reductions  of  c  with  increasing  age  of  each  pipe.  There  is 
a  gradual  increase  in  roughness  of  Pipe  Walls,  as  their 
tabercles  grow  in  soft  water  or  lime  incrustations  increase 

'  in  hard  wat«r  from  Class  B,  through  the  successive  rougher 
classes  C,  D,  E,  P,  G,  and  many  pipes  in  process  of  time 
zeach  the  decided  roughness  of  Class  Ii. 
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206a.  Modified  Chesj  Farmnla.— Tlie  diBcuaMilj^ 
of  velocities  of  flow  in  channels,  pages  315  and  329,  indicate 
that  the  Cliezy  factors  of  resistance  head,  in  pipes  (pap» 
229,  233),  may  be  more  i>recisely  stated  as  follows : 

The  effects  of  the  reactions  from  a  given  unit  area  of  & 
contr)ur  are  not  alike  uix)n  all  the  i>articles  of  water  in  the 
section.     Experiments  indicate  that  the  reactions  from  any 
])oint  of  contour  upon  any  given  particle  of  water  varies 
between  the  cube  root  and  the  square  root  of  the  distance  of 
the  i)article.     The  resultant  reactions  from  a  unit  length  of 

pipe  are  nearly  as  ^V  77,    and  their  frictional  effect  in- 

creases  nearly  with  the  square  of  the  velocity  of  flow. 

The  corresponding  formula  for  velocity  in  a  Class  C,  or 
smooth  pipe,  is 


-•/fx^^x^Vf. 


(25) 


Symbols  may  be  used  as  before  for  the  compound  fac- 
tors.    T.et  /  ^  ~,  and  /*  =  '-,  and  n  =^\  £,  when   referred 

to  diiiiiictcr  d  in  feet.     Then,  since  r  in  circular  pipes  is  in 
all  cases  e(]uiil  one-fourth  <J, 


V  =  //(/ .  4r  ♦  4r)*  =  n{i .  d  i/d)^  =  « j  7  ♦^^^  f 


(26) 


/  = 


i^r 


i/r 


and    c  =f  }/7  - 


(38a) 


%  m     (28^/) 


The  effect  of  the  additional  factor,  as  above,  is  to  greatly 
duce,  except  in  small  pipes,  the  variableness  of  the  co- 
Lclent  n,  as  compared  with  m  and  c 

To  illustrate  the  relative  values  of  the  coefficients, 
JBnmp  I  —  KXX)  feet  and  v  =  3  feet  per  second,  and  vary 

meter. 


I.O   ft. 

I.O   it. 

4.0  ft. 

8.0  ft. 

.00560 

.00468 

.00364 

.00264 

07.30 

117. u 

133-00 

'56.25 

53-65 

49-50 

46.9 

46.45 

51.89 

140.00 

tSi-oo 

i3'40 

3'n 

1.3.2 

■509 

.1S4 

rith  diameter  cooHtuut  at  1  foot  and  velocity  varied,  the 
values  of  n  for  different  velocities  are 


-  53-65 


=  56-55 


=  S7-8S 


\ 


In  Class  C  pipes,  n  and  _/  are  nearly  constant,    for 
medium  velocities,  in  all  pipes  exceeding  3  feet  diameter. 
A  general  approximate  formula  for  such  pipes  is 


V'd"' 


u^  133((.rVr)*.  (Q9n) 

In  smaller  pipes  the  values  of  n  and  /  for  medium 
I  velocities  increase  as  c^  is  reduced,  as  follows: 


^^ 
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If  the  frictional  resistance  varied  truly,  in  pipes  ot  one 
—class  of  roughness,  as  v'  and  d'-',  then  the  value  of  n  would 
~be  constant  at  about  fiO. 

297.  Constant  Coefficients.— TUe  desirability  of  a 
_--iienil  fonriula,  for  flow  of  water  in  pipes,  tliat  is  con- 
■  niently  useful  without  an  assisting  diagram  of  coefficients 
li:is  long  been  recognized.  Searches  for  such  expresaions 
hu.ve  been  made  by  x>roniiuent  engineers,  and  the  most 
useful  expressions  have,  perhaps,  l)een  those  in  which  the 
variable  relations  of  diameter,  d,  and  velocity,  v,  to  a  given 
inclination,  i,  of  the  pipe  have  been  indicated  by  the  ex- 
iionents  given  to  those  terms,  leaving  a  coefficient  b,  con-, 
rtijtnt  or  approximately  constant. 

These  exponential  fonnuhis  as  written  by  Ilagen,  Prof. 
I'nwin,  M.  Flamant,  and  other  eminent  mathematicians 
have  been  reduced  to  the  following  form  by  Wm.  E.  Fosa, 
C.E.,  viz., 

^  =  ^^-  (30) 

This  class  of  formulas  is  very  useful  for  approximate 
computations.  The  writer  found  the  constant  exponents 
and  coefficients  to  be  applicable  in  pipes  only  within 
limited  ranges  of  velocities  and  diameters,  and  constructed 
a  table  of  b,  it,  and  vi,  adapting  one  set  to  each  standard 
diameter  of  pipe,  as  in  Table  No.  QQc,  following. 

^98.  Logarithmic  Diagram.  —  A  logarithmic  di- 
agram of  velocities  of  flow  in  Class  C  pipes,  for  given  in- 
clinations and  diameters,  may  be  readily  coustmcted  from 
Table  No.  64,  page  2G0,  of  velocities,  or  from  the  diagram 
opposite,  of  velocities  for  given  heads  per  1000  feet,  thus : 

On  a  sheet  ruled  iu  squares  (say  one  inch  each)  start 
with  zero  near  the  left-hand  lower  comer  and  write  the 
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logarithmic  scale  for  inclinations,  or  sines   of  slope, « 
abscissas  horizontally,  and  from  the  same  zero  point  die 
logarithmic  scale  for  diameters  as  ordinates  on  the  per- 
pt'iidicular  line.     Then  for  each  given  diameter  plot  eick 
given  sine  of  slope  as  au  abscissii  and  each  correspondiBg 
velocity  as  an  ordinate.     The  series  of  plotted  points  for 
velocities  in  eaxrh  given  diameter  will  lie  approximately  a 
a  straight  line.     A  straight  line  for  each  diameter  maybe 
thus  })laced  on  the  logiuithmic  diagram  and  the  logarithms 
of  velocities  read  from  it  for  the  logarithms  of  any  inclina- 
tiona  chosen.     The  diagram  will  thus  solve  at  sight  ques- 
tions of  incrlinations  for  given  velocities  and  of  velocities 
for  given  inclinations  in  any  one  pipe  of  Class  C,  or  pipes 
of  like  degree  of  roughness  of  the  same  diameter. 

The  ratio  of  inclination  of  each  diameter  line  gives  the 
value  of  the  exi)onent  n  of  v,  and  may  be  readily  found 
from  the  scale  diagram.  The  logarithm  of  the  inclination 
/,  that  giv(\s  velocity  equal  one  foot  per  second  in  any 
given  i)ii)e,  is  found  at  the  intersection  of  the  line  for  that 
diameter  with  the  horizontal  line  0,  which  is  the  logarithm 
of  1. 

Plot  upon  the  diagram  diameter  points,  taking  as 
abscissas  the  logarithms  of  i  corresponding  to  «  =  1  for 
each  of  the  series  of  diameters,  and  as  ordinates  the  loga- 
rithms of  the  same  respective  diameters,  and  draw  aline 
througli  these  diameter  points.  This  line  will  be  curved. 
Draw  a  tangent  frcmi  the  curve  at  each  diameter  point, 
letting  tlie  tangent  cut  the  horizontal  line  0,  of  the  scale. 
Tlu»  ratio  of  inclination  of  each  tangent  line  to  line  O  will 
give  th<.»  ex])onent  ///  of  the  corresponding  rf,  and  the  x)oint 
of  inters(»ction  of  tlie  tangent  with  line  0  will  indicate  the 
logarithm  of  the  natural  number  5,  the  coefficient. 
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Ht  is  observed  that  the  diameter  lines  for  Telocity  %re 
;  parallel,  therefore  the  exponents  n  are  not  precisely 
alike  for  like  velocities  in  different  diameters.  It  is  oli- 
served  that  the  line  through  the  diumeter  points  is  cuireti, 
therefore  the  exponents  -in  for  d  and  the  coefficients  b  for 
(lifTerent  diameters  are  not  precisely  alike  for  like  incliiiii- 
tious.  The  exponents  as  thus  taken  from  tiie  diagram  in- 
crease from  71  =  1.82  and  m  —  1.055  for  one-half  inrli 
ttniuoth,  coated  cast-iron  pipes  to  n  —  1.9S54  and  m  =  1,54 
for  96-incli  pipes.  The  coefficients  b  decrease  from  .0043005 
for  one-half  inch  to  .0003887  for  12-inch  and  then  increase 
to  .000512  for  96-inch  smooth  pipes. 

Table  No,  QQc  gives  a  series  of  exponents  and  coeffi- 
cients adaj)ted  to  the  serie^i  of  stated  diameters  of  smooth, 
coated,  cast-iron  \n\ies  from  .95  foot  to  8  feet  diameters, 
Kach  diameter  hits  its  own  formula  and  exponents,  and 
selections  may  be  made  for  eiich  diameter  applicable  to  the 
following  formulas : 


^  =  (C-)x' 


h 


1= : 


(31) 


(32<i) 
(354) 


In  which  d  equals  diameter  in  feet,  v  equals  velority  of 
flow  in  feet  per  second,  /i  eqiiaJe  the  heatl  in  feet,  balancing 
resistance  to  flow,  and  f  is  the  length  of  pipe,  in  feet. 

I  The  table  of  exponents  No.  Gfi*;  shows  that  the  relation 
bii'tion  head  to  velocity  of  flow  does  not,  in  the  small 
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pipes,  vary  with .  the  square  of  the  velocity  as  is  usuallj 
assumed,  but  in  a  four-inch  pipe  as  the  1.86  power,  but  th( 
relation  aproaches  nearer  to  the  second  power  as  diametei 
approaches  six  feet.   Also,  the  relation  of  the  friction  head 

to  diameter  approaches  the  ratio  of  1  -^  ^d^  as  6  feet  di- 
ameters are  reached,  but  has  lesser  exponents  in  smaller 
pipes. 

TABLE     No.    66c. 
Table  of  Values  of  b^  «,  and  w,  for  Given  Diameters. 


Diameter 

"      '  d 

EXJK,. 

Expo,  of 

Expo,  of 

in  inches. 

in  feet. 

r  =  « 

d^m. 

3 

.25 

.0004224 

1.8450 

1. 143 

4 

.3333 

.0004170 

I. 8510 

1.160 

6 

.5 

.0004085 

1.8630 

1. 195 

8 

.6667 

.0004010 

1.8735 

1.224 

lo 

.8333 

.0003954 

1.88x6 

1.248 

12 

I.O 

.0003887 

1.8900 

1.27a 

'4 

I. 1667 

.0003043 

1.8993 

1.294 

16 

1.3333 

.0003986 

I. 9051 

1. 313 

i8 

1.5 

.0004029 

I. 9126 

1.331 

20 

1.6667 

.0004064 

1.9^95 

1.347 

22 

1.8333 

.0004099 

1.9256 

1.362 

24 

2.0 

.0004133 

1.9340 

1.375 

27 

2.25 

.0004185 

1.9440 

1-394 

30 

2.5 

.0004235 

1.9520 

1. 410 

33 

2.7S 

.0004280 

1.9576 

1.424 

36 

3.0 

.0004327 

1.9620 

1.436 

40 

3.3333 

.0004383 

1.9660 

1.448 

44 

3.6667 

.0004437 

1.9700 

1.459 

48 

4.0 

.0004492 

1.9725 

1,470 

54 

4.5 

.0004570 

1.9760 

1.483 

60 

5.0 

. 0004647 

1.9783 

1.494 

72 

6.0 

.0004800 

I. 9815 

i.5»3 

84 

7.0 

.0004955 

1.9835 

1.528 

96 

8.0 

.0005120 

1.9854 

1.540 

The  assumptions  that  these  exponents  were  constaJ 
has  necessitated  a  wide  mnge  of  values  of  the  coefficien 
such  as  m  and  c  in  all  those  formulas  that  have  heretofoi 
been  in  general  use.     Giving  truer  values  to  the  exponent 
brings  the  coefficient  h  nearly  constant  for  one  given  clase 
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'  The  Gonstmction  of  similar  diagrams  for  rougher  classes 
of  pipes  shows  that  their  logarithmic  velocity  lines  are 
moved  to  the  left  on  the  diagram,  and  have  slightly  in- 
creased ratios  of  inclinations  and  exponents.  The  lines 
through  the  diameter  points  are  moved  to  the  left  also,  and 
are  more  curved  ;  hence  the  exponent  m  for  diameter  and 
coefficient  b  have  slightly  increasing  values  as  roughness 
increases.  Such  slight  modifications  of  m  and  b  lead  to  a 
series  of  formulas  adapted  to  approximate  computations  in 
pipes  classified  in  roughness  as  above  suggested.  The  fol- 
lowing formulas,  one  for  each  class  of  roughness,  apply  to 
a  wide  range  of  velocities,  and  to  diameters  from  six  to 
ninety  six  inches^: 


Class  C. 


-\: 


d^ih 


.S38 


D.    v  = 


E.    «  = 


000379^ 
.000393^ 


and    h  sa  »•"* 


.000879? 


[ 


ja 


(33) 


(34) 


-1: 


00041 6? \ 


P. 


G. 


V  = 


V  = 


.000444^ ) 

_d^i_ 
.000492^ 


.5ii 


.sia 


*    H.    t;  = 


.000538Z \ 

L  .=  i-^^r 

.000575? ) 

dMh    )•' 
.000719?) 

d'-^h   )•» 
.00088?} 


=  1 

i 

=  1 


J.     «  = 


K.    v  = 


=  ) 


(34a) 


(34J) 


(34c) 


(34<?) 


(34e;) 


(34/) 


(34^) 


FU»W  OF  WATER  THBOUOH  P1PK8. 
BENDS    AND    BRANCHES. 

B«id«.— The  experiments  with  bends,  angles,  luid 
.^nizaaAn?  in  pipes,  so  far  as  recorded,  have  been  with 
siDiiil  pipes,  and  the  deductions  therefrom  are  ot 
T^hie  when  applied  to  the  ordinary  mains  and 
«BisG*batixL  pipes  of  public  water  supplies. 

Oiir  pijvs  should  be  so  proportioned  that  the  velocity 
iif  1l»w.  i:  an  extreme,  need  not  exceed  ten  feet  per  second. 
Otir  Vend>  should  have  a  radius,  at  axis,  equal  at  least  to 

Lac^r  suoli  oimditions,  the  loss  of  head  at  a  single  hend 
mil  ^.<  exctvd  about  one-tenth  the  height  to  which  the 
nfiwJCj-  is  due  mot  including  height  balancing  resistance 

iBL  sech  ca:^,  we  may  for  an  approximation  take,* 

1  2/7^ 


-!-  r,)+    I^TT^^j- 


(33) 


(34) 


AK\x>ivUiig  to  this  equation,  if  a  pipe  is  1  foot  diameter, 
l^»  <i^^  long,  and  flowing  with  free  end  under  100  feet 
w^jj^  lli^^  U^5^  at  one  90^  bend,  whose  axial  radius  of  curva- 
|yijr\'  ^xjuaIs  4  diameters,  wiU  be  .47  feet  of  head.    If  there 

1^^^  Ivnds.  the  total  head  remaining  constant;  tha  loss 

^^  •  rw  me*n  Talue  of  (1  +  <v)  for  short  pipes  is  LMft. 


■  •  ^% . 
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at  both  will  not  be  double  this  amount,  for  the  velocity 
thrcjugh  tlie  first  will  be  reduced  by  the  resistance  in  the 
STuiid,  and  therefore  the  resistance  in  the  tirst  will  be 
rediici'd  proportionally  with  the  sqnan?  of  the  reduction  of 
the  velocity  ;  and  a  similar  proportional  reduction  of  resist- 
ance will  take  place  in  the  first  and  second  bends  when  a 
third  is  added. 

Let  r  be  the  velocity  due  to  the  given  liead  and  length 
fif  pipe  witliout  a  bend,  and  v,  the  velocity  after  tlie  bend  is 
ins^Tlt'd,  then  the  height  of  liead  lost,  kt,  in  consequence  of 


the  bend  is  h^ 


_  (g  -  ^.)' 


-^9 


and  If  —  ht  is  the  effective  remain- 


ing liead. 

After  computing  the  new  value  of  H'  beyond  the  tiiBt 
bend,  we  may  substitute  tliat  in  the  equation  to  find  the 
new  value  of  b,  ,  and  proceed  to  deduce  the  value  of  H" 
beyond  the  second  bend,  etc.,  or  raise  the  subdivisor  to  a 
power  whose  index  equals  the  number  of  bends ;  thus, 


No.  of  Bends 

, 

J, 

1 

4 

S 

6 

7 

B 

9 

10 

13 

Subdivisor: . 

q 

.81 

.656 

■5Q" 

■531 

.478 

.430 

.387 

■341 

314 

.283 

-aw 

Reciprocals. 

..II 

1.13 

1.53 

1.68 

t.as 

i.aq 

'" 

J.58 

a.87 

3-18 

3-55 
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For  larger  pipes,  or  for  larger  radius  of  curvature,  or 
reduced  velocity,  the  value  of  the  subdiviaor  may  rise  to  .94 
or  .96,  or  even  near  to  unity. 

Wlien  pipes  exceed  one  thousand  diameters  in  length, 
the  term  (1  +  c.)  may  be  neglected,  and  the  equations 
assume  the  following  more  simple  forms,  in  which  the 
reciprocals  of  the  above  table,  according  to  the  number  of 
bends,  become  the  coefficients  of  m. 


'    (l.lllTB^i 


(35) 


h"  = 


\.\nmlf? 


In  wliich  0  =  the  rate  of  flow,  in  feet  i>er  second  ;  A' 
frictional  head  ;  and  i  =  the  sine  of  the  inclination. 


(36) 
=  the 


t 


J 
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r  =  the  hydraulic  mean  radios  = 


section 


contour 
m=  SL  coefficient  \vide  table  of  m^  page  243). 
2g  =  64.4- 

The  experiments  by  Dn  Bnat  Ventmi,  and  other  of  the 
early  experimentalists,  with  pipes  varying  from  one-half  to 
two  inches  diameter,  and  more  recent  exjieriments  by  Weis- 
bach,  have  been  fully  and  ably  discussed  by  the  latter,  in 
** Mechanics  of  Engineering"  and  elsewhere. 

AVt4sl>acirs  formula  for  additional  height  of  head,  Ti^ 
necessary  to  overcome  the  resistance  of  one  bend,  is 


m 


in  which  r  is  a  coefficir^nt  of  resistanct*.  6  the  arc  of  the  bend 
in  doiTHH^.  aiui  Av  the  additional  head  required. 

Tiie  v:iluo  of  r  he  deduces  by  an  empirical  formula : 


.-  =  .131-l.S4T(p*, 


ill  ^^  hiv  V.  r  :s  :V  v  r:i.i:v.>  •  r  s»"-mi-diameter  of  the  pipe,  and  B 
:::o  *v\:;i.  r,i.v.:>  ::  .;;:v:ir.:>^  •>!  ::>•  bend. 

V\  r  ^:v  ■:  :;'j::  <    -f      :    J?,  r  has  the  following  values, 
fv:r  v.vvs  '.^ ■:":.  v".:;v/-..r  . : ;.>>-s-.v::-:»ns. 


.■N 


P  L  E     X  r      e  7 


:,:--  -T!.yrt  :y  t: 


A 


-4^         -N 


•ss 


-  V 


X  * 


-»     ^44     -^?4     .350 


A 

i 


,0 


'95 


**« 


v  *"» 


,V  .        NX 
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300.  Branches. — In  branches,  the  sums  of  the  resist- 
cices  due  to  the  deflections  of  the  moving  particles,  the 
Dntractions  of  sections  by  centrifugal  force,  and  the  con* 
^actions  near  square  edges,  if  there  are  such,  will  for  each 
iven  velocity  vary  inversely  as  the  diameters  of  the 
•ranches. 

Until  reliable  data  for  other  than  small  pipe  branches  is 
applied,  we  may  assume  in  approximate  preliminary 
stimates  of  head  required,  when  the  velocity  of  flow,  under 
ressure,  is  ten  feet  per  second,  a  reduction  of  that  portion 

f  the  head  to  which  the  velocity  is  due  (=  s~)  ^*  ^  right- 
ogled  branch,  equal  to  about  fifty  per  cent,  in  branches  of 
tree  to  six  inches  diameter  and  thirty  to  forty  per  cent  in 
ajger  branches. 

The  equations  then  take  the  following  form : 


r  = 


igH 


■(l-fe.)  +  (4mj) 

.        7m       - 

I 


(38^ 


,75  'ig 


(39) 


The  value  of  the  subdivisor  will  be  changed  according 
o  the  special  conditions  of  the  given  case,  and  the  eflTects 
rf  a  series  of  branches  will  be  similar  to  those  above 
lescribed  for  a  series  of  bends,  but  enhauc^  in  degree. 

For  long  pipes,  equivalent  equations  will  be. 


V  = 


A  = 


\  1.333wZ  i 

1.333mZ^ 
"igr 


(40) 
(41) 


up 
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301.  How  to  Eeononiize  Hea<L — ^Tlie  losses  of  li^ 
and  of  eDi-rgy  due  to  frictions  of  pipe-wall  and  to  resistaBo- 
of  angles,  contractions,  etc.,  increase  with  the  square  of  \W 
velocity,  and  they  occasionally  consume  so  mnch  of  tli*' 
hoad  that  a  very  small  fraction  of  the  entire  head  onlj 
remains  to  generate  tlie  final  velocity  of  flow. 

The  losses,  other  ttian  those  due  to  the  walls  of  the  pipe&, 
originate  cliieily  about  tlie  square  edges  of  the  pipes, 
orifices,  and  valves,  where  contractions  and  their  resnJting 
eddies  ai-e  i)riiduced.  or  are  due  to  the  centrifugal  force  of 
the  paiticlos  in  angles  and  bends. 

These  losses  about  tlie  edges  may  be  modified  materiallj, 
eren  near  to  zero,  by  rounding  all  entrances  to  the  form  of 
their  vend  contractd,  and  by  joining  all  pipes  of  lesar 
diameter  to  the  great*.'r  by  acutely  converging  or  pentJy 
curved  reducers  (Pig.  102),  so  that  the  solidity  artd  sifm- 
metrical  section  of  the  column  of  water  shall  not  be  dis- 
turbed, and  so  that  all  changes  of  velocity  shall  begradtud 
and  without  agitation  aiming  (he  fluid  particles. 

It  is  of  the  utmost  importance,  when  head  and  energy 
are  to  be  economized,  that  the  general  onward  motion  ot 
the  particles  of  the  jet  be  maintained,  since  wherever  a 
sudden  contraction  occurs  an  eddy  is  produced,  and 
wherever  currents  of  different  velocities  and  directions 
intermingle  an  agitation  results,  both  of  wiiich  divert  a 
portion  of  the  forward  energy  of  the  particles  to  the  right 
and  left,  and  convert  it  into  pressure  against  the  walls  of 
the  pipe,  from  whence  so  much  reaction  as  is  aemss  the 
pipe  is  void  of  useful  effect^  and  the  enei^  of  the  jet  to  a 
like  extent  neutralized,  and  so  much  as  is  back  into  the. 
approaching  column  is  a  twofold  consumption  of  dynamitl 
force. 


CHAPTER  XIV. 

MEABDRINQ   WrEIRS,  AND   WEIB   GAOGINa, 

303.  Gati^il  Vohuues  of  Flow. — A  paitially  sah- 
aerged  measuring  orifice  or  notch  in  one  of  the  upright 
ides  of  a  water  tank,  or  a  horizontal  meaaioring  crest  witii 
frtical  shoulders,  in  a  barrier  across  a  stream,  equivalent 
a  a  notch,  is  termed  a  weir. 

Weirs,  as  well  as  submerged  orifices  (§  206)  are  used 
Dr  gauging  the  tiow  of  water,  and  in  their  approved  forms 
pve  opportunity  to  apply  the  coiistaut  force  and  accelera- 
ion  of  gravity,  acting  upon  the  water  that  falls  over  the 
voir,  to  aid  in  determining  the  volume  of  its  How. 

The  volume  of  How,  Q,  equals  the  product  of  the  section 
rf  the  jet  upon  the  weir,  S,  iulo  its  mean  velocity,  V. 

■  Q  =  8V.  (11 

W  303.  Forni  of  Weir. — For  convenience  in  practical 
Bonstniction  and  use,  I}ydi'aulician8  usually  form  their 
measuring  weirs  with  horizontal  crests,  CD,  and  vertical 
ends  AC  and  BD,  Fig.  41. 

Via.  4'1.  FiQ.  41. 


^  1 
Iflf 

If 

/ 

fjf 

■^^"- 

—A 

'■'  ' 

. 

-      ---        -  -: 
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Tiie  theory  of  flow  over  weirs  of  this  description  is  ni( 
accurately  eatablislied  by  numerous  exiwrimeutal  and  ]«« 
live  measurements,  than  for  any  other  form  of  iiot(!h. 

The  head  of  water  upon  rectangular  weirs  is  measurai 
from  the  creat  CD  of  the  weir  to  tlie  surface  of  still  waki,  i 
short  distance  above  the  weir,  instead  of  from  the  ceulreof 
pressure  or  centre  of  gravity  (g  306)  of  the  aperture,  as  in 
tlie  case  of  submerged  orifices. 

The  wi'ir  13  placed  at  right  anglas  to  the  stream,  wiUi  ia 
upstream  face  in  a  vertical  plane. 

The  crest  aud  vertical  shoulders  of  the  weir  are  cham- 
fered so  aa  to  flare  outward  on  the  discharge  side  at  an 
angle  not  less  than  thirty  degrees.  Tlie  thin  crest  and 
ends  receiving  the  current  must  be  truly  horizontal  and 
vertical,  and  truly  at  right  angles  to  the  upper  plane  of  tie 
weir,  and  sharp-edged,  so 
^  ^^^  as  to  give  a  contracted  jrt 

,_^  analogous  to  that  flowing 

through  thin,  square-cdgfd 
^         S  plate. 

The  edges  are  common- 
^'  ly  formed  of  a  jointed  and 

chamfered  casting,  or  of  a 
jointed  plate  uot  exceeding 
one-tenth  inch  thickness,  as  shown  in  Fig.  42. 

304.  DiiuonHions.  —  The  dimensions  of  the  notch 
should  be  ample  to  cany  the  entire  stream,  and  yet  not  so 
long  tliat  the  depth  of  water  upon  a  sharp  crest  shall  be  less 
than  five  inches,  aud  if  contiaction  is  obtained  at  the  up- 
right ends,  the  section  of  the  jet  in  the  notch  should  not 
p.\ceed  one>  fifth  the  section  of  the  approaching  stream,  lest 
the  stream  approach  the  weir  with  an  ac<juired  velocity  that 
will  appreciate  the  natural  volume  of  flow  through  the  notcb.  ■, 


END    C0NTRACT10JS8. 

',i05.  Stability. — Care  is  to  be  taken  to  ruitkc  tlie  fouii- 

liatioii  of  tlie  vvfii'  firm,  the  bracing  substautial,  and  tlie 

ylankiug  rigid,  so  there  shall  be  iio  vibration  of  tho  Iranie- 

wtirk  or  crest,  and  its  sheet  piling  is  to  go  deej),  and  well 

into  the  biuiks  on  each  side,  when  set  in  a  stream,  ao  tliat 

tlicre  sliall  be  no  escape  of  watt;r  uuder  or  around  it,  and  a 

rfimi  apinu  is  to  be  provided  to  receive  the  falling  water  and 

t  prevent  undermining. 

:i06.   Viirjiiig  Leit^h.— Upon  mountain  streams,  it  is 

qnently  necessary  to  provide  for  increasing  or  shorteiung 

ft  length  of  the  weir,  so  that  due  proportions  of  notch  to 

^ame  raaj  be  maintained.     This  may  be  accomplished  by 

I  use  of  vertical  stop-planks  with  flared  edges,  placed  at 

9  or  both  ends  of  the  weir,  as  at^,  Fig.  41. 

Sometimes  it  Is  necessary  to  make  the  notclj  of  the  entire 

dth  of  the  stream,  when  thi-re  will  be  crest  contraction 

lly,  and  no  end  contractions,  in  which  case  paititions  B 

iSg.  44)  should  be  placed  against  the  upper  side  of  the 

Fin.  4t 


weir  flush  with  its  shoulders  and  at  right  angles  to  its 
plane.  On  other  occasions  tlie  weir  may  be  so  long  as  to 
require  intermediate  posts,  F  (Fig.  44),  in  it.«  frame-work, 
when  intermediate  contra  rtions.  one  to  each  side  of  a  post, 
will  be  obtained,  in  additi  n  to  the  crest  and  end  contrar- 


k 
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tions  ;  each  of  which  exert  an  im]M)rtaiit  dimiaishlug  inlln 
ence  upon  the  volume  of  flow. 

;i07.  End  C'ontractiuii^. — A  short  wHt  may  he  dt'- 
fined,  one  which  is  appj-eciably  affect*?!!  by  end  contraolioiL'. 
tiiroughout  its  entire  length ;  practically,  when  the  h*ngih 
of  unbroken  opening  is  less  tlian  about  four  times  the 
depth  of  water  flowing  over. 

The  end  contractions  affect  a  nearly  constant  length  a! 
each  end,  for  each  given  depth,  on  long  weirs,  and  sucb 
length  increases  with  the  depth  of  water  upon  tJu*  weir. 

To  obtain  j)erfect  end  contractions,  the  distance  frou) 
the  vertical  shoulder  to  the  side  of  the  channel  should 
not  be  less  tlian  donble  tlie  depth  of  the  water  apon  tlie 
weir. 

If  there  is  no  end  contraction,  the  volume  for  any  pven 
depth  is  proportional  to  tlie  entire  length  of  the  weir. 

The  flow,  for  a  given  length,  on  long  weirs,  or  on  weirs 
without  end  contractions,  is  proportional  to  a  power  of  the 
depth  on  the  weir. 

308.  Crest  Coutriictions.  —  To  obtaia  perfect  crest 
contractions,  the  depth  of  water  above  the  weir  should  not 
be  less  than  about  double  the  depth  upon  the  weir,  especi- 
ally when  the  depth  flowing  over  is  less  than  one  fiwt ;  and 
the  clear  fall  below  the  crest  to  the  surface  of  tail  water 
should  be  sufficient  to  maintain  a  perfect  circulation  of  air 
in  the  crest  contraction,  d  (Pig.  42),  under  the  jet,  all  along 
tlie  crest.  Such  supplies  of  air  an-  to  be  provided  for  at 
ends,  and  at  central  jiosts.  F  (Fig.  44).  since  a  vacuum 
under  the  jet  would  defeat  the  application  of  the  ordinary 
formula. 

309.  Tlieory  of  Flow  over  a  Weir.— To  illuetrste 
the  deduced  tht^ory  of  flow  through  rectangular  notches,  we 
will  first  consider  a  case  independent  of  contraction  : 


THEORY  OF  FLOW  OVER  A  WEIR. 
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Fig.  45. 


Let  a,  6,  c,  d^  e^  /,  etc.  (Pig.  45),  be  orifices  in  the  side 
of  a  reservoir,  at  depths  below  the  water  surface,  respec* 
tively  of  1,  2,  3,  4,  5,  6,  etc.,  feet. 

Then  the  velocity  of  issue  of  jet  from  each  orifice  will  be 


according  to  its  depth,  i/,  below  the  surface,  viz. : 


For  orifice  ft,  T  =  V2gl 

=    8.03  feet  per  second. 

<(    « 

c,  V=V%^ 

=  11.40 

(I 

U             tt 

«    <i 

d,V-  ^<i(fii 

=  13.90 

((           ( 

ii         it 

«    « 

e,V  =  V2gl 

=  16.00 

«           1 

H             «f 

«    « 

/,  V      V2g5 

-  17.90 

ii        i 

;(          tt 

«    « 

i,  V  -  V2gQ 

-  1&.70 

it        ( 

(4              tt 

M              « 

;fc,  F  =  Vifft 

=  21.20 

it        i 

It              M 

M              <l 

n,  V  —  V'2<^ 

=  22.70 

tt        i 

;<          M 

M              << 

o,V-  *^2ffQ 

=  24.10 

tt        i 

;<          M 

M              « 

p,V=  V2gl0 

=  25.40 

tt        i 

It         tt 

Plot  each  of  these  depths,  a,  6,  c,  etc.,  to  scale  upon  the 
same  vertical  line  as  abscisses  and  their  corresponding 
velocities  of  issue,  bb\  c&j  dd%  etc. ,  horizontally  to  the  same 


r 
I 
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scale  as  ordiiiatee ;  then  the  extremities  of  the  homoat 
lines  will  touch  a  parabolic  line,  a,  b',  d',p.,  whose  V' 
is  at  a,  abscissa  is  ap,  ordinates  are  bb',  cc',  pp\  etc., 
whose  parameter  equals  2g, 

Supposo  now  the  lintels  separating  the  oiifices  are 
finitely  thin,  then  the  volume  issuing  per  second  from 
orifice  wUl  equal  a  prism,  whose  length  and  height  eqi 
that  of  the  orifice,  and  whose  mean  projection  is  equal  to 
its  ordinate,  hh\  cc',  dd',  etc.,  or  equals  in  feet,  the  feet  per 
second  of  velocity  of  issue  from  the  orifice. 

Again,  suppose  the  partitions  to  be  entirely  removed 
and  the  fluid  veins  to  be  infinitely  tliin  and  infinite  in  num- 
ber as  respects  heiglit,  then  the  Telocities  of  the  veins  plul- 
ted  to  scale,  will  touch,  as  before,  the  parabolic  line  ab'dp. 
and  the  volume  of  issue  per  second  will  equal  a  prism  whoe? 
end  area  equals  the  notch  ap,  and  whose  area  of  projection 
equals  the  area  of  the  parabolic  segment,  app'd'a. 

According  to  well  known  properties  of  the  parabola,  the 
segment  app'd'a  is  equal  to  two-thirds  ita  circumscribing 
parallelogram  Aapp'. 

Let  I  be  the  length  of  tlie  notch,  II  the  height  =  ap, 
V'iffHthe  length  of  the  segment  =^' ;  then  the  area  of  tha 
circumscribing  parallelogram  equals  //  x  V'igll  and  the 
area  of  the  segment  equals  H  >i  \  V^gHsioA.  the  volume  (rf. 
iaaue  Q=ly.  Hy-l  v'2gB.  (^ 

Let  V  be  the  velocity  of  the  film  of  mean  velocitr. 
Since  the  volume  of  the  segmental  prism  app'd'a  eqnalft 
two  thirds  of  the  parallelopiped  Ap  of  equal  height,  lengthy, 
and  projection,  it  follows  that  the  Tolnme  of  the  segment.' 
equals  the  volume  of  a  parallelopiped  of  equal  height  and 
length  and  of  ^  the  projection  =  pp'y  and  the  mean  velocity 
of  issue.  V  =  pp"  =  ^  \%iH. 

The  volume  g  =  7  x  //"  x  V=7  ^  JI  y.\  V^gH, 


FLOW    WITUOUT    AND    WITH    CONTItACTlONS.  i.'*3 

If  the  crest  of  the  weir  is  raised  to/,  then  let  thi.-  height 
^be  7i,  and  the  velocity  of  issue  of  the  film  at  the  n-eBt  f 
HI  lie  \''igh,  and  the  volume  of  issue  q  from  the  notch  of 

1  be,  y  =  |/  X  A  X  l/A  X  V-ig. 

If  the  volume  q  of  tiiis  e«'gniental  prism  affba,  he  yiib- 

«ted  from  the  volume  Q  of  the  segmental  prism  app<l'a, 
ihe  remainder  will  etnial  tlif  volume  of  the  prism  fjyp'J"  = 
Q  -  q  =  i^l  X  M  X  i^M  X  i^a^j  -  ill  K?IX  Vh  X  *^2^)  = 
p  \'-i(JaT^-  li  Vh.  (3) 

:tlO.  Foniiuliis  for  Flow  without  and  witli  Ooii- 
tnu'tioiiH.  —  The  fomiula  (2),  Q=lx  Ifx  J  »'a</ x  \  H 
may  take  the  form  Q=  V2(f  x  I  x  lift.  (4) 

Taking  into  consideration  the  complete  contiaetion  in  a 
rectangular  weir,  we  observe  first,  that  in  addition  to  tlie 
crest  and  end  contractions,  the  surface  of  the  stream.  Pig.  42, 
begins  to  lower  at  a  short  distance  above  the  weir,  and  the 
jet  assumes  a  downward  curve  over  the  weir. 

Experiments  demonstrate  that  the  uieasui-ements  are 
faciHtated,  both  in  accui-acy  of  obsei*vations  and  in  ease  of 
calculations,  by  taking  tlie  height  of  water  upon  the  weir 
to  the  true  snrfece  level  a  short  distance  above  tlie  w(_*ir, 
instead  of  to  the  actual  surface-  immediately  over  the  crest. 
In  such  case  the  top  contraction  has  no  separate  coefficient 
in  the  formula  of  volume. 

Experiments  demonstrate  also,  that  a  perfect  end  con- 
traction, when  dejttlis  upon  the  weii'  are  between  tliree  and 
twenty -four  inches,  and  lengtli  not  less  than  three  times  the 
given  depth,  will  reduce  the  effective  length  of  the  weir  a 
mean  amount,  approximately  equal  to  one-tenth  of  tlie 
depth  from  still  water  surface  to  crest. 

If  Jf  is  this  depth  from  surface  to  crest,  and  I  the  full 
length  of  the  weir,  and  /'  the  effective  length  of  the  weir, 
then  one  end  contraction  makes  /=  (I  —  O.llf) ;  and  two 
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end  contractions  make  Z'=  (Z  — 0.2i7);  and  any  numbei; 
7?,  of  end  contractions  make  Z'=  (Z  —  O.lnH). 

The  reduction  of  volume  by  the  crest  contraction  is  com- 
IK»nsatod  for  by  a  coefficient  m  introduced  in  the  formula 
for  thtH>rotical  volume,  as  above  deduced.  This  coeffici(»Et 
(m)  is  to  be  determined  for  the  several  relative  depths  and 
lengths  by  ex])eriment. 

If  we  inseit  the  factors  relating  to  end  and  crest  contrac- 
tions, the  formula  for  volume  becomes  : 

Q  =  Im  X  V2g  X  (l  -  0.1nlf)lft.  (6) 

Tlie  factors  g  and  v^2<7  are  constants,  and  for  approximate 
calculaticms  within  limits  of  3  to  24  inches  depths  upon  the 
weir,  m  may  be  taken  as  constant. 

Let  C  represent  the  product  of  these  three  factors,  then 
C=  i?/i  X  ^2ff, 

The  admirable  ex|>eriments  with  weirs*  npon  a  great 
scale,  which  were  conducted  by  James  B.  Francis,  C.  E, 
with  the  aid  of  the  most  perfect  mechanical  appliances,  in  a 
most  thorough  and  careful  manner,  give  to  (7  a  mean  valne 
of  :?.:33,  and  we  have  8.83  =  pn  x  i^'g^. 

Transposing  and  assigning  to  V2ff  its  numerical  value, 
we  hav«\ 

3.33  3.33 

^^  =  7-^  ^20  ~  5  35  ~  '^^  ^  ^  mean  coefficient 

TIu»  fonniila  for  volume  of  flow  may  take  the  foUowing 

forms: 

Q^li^  X  m(l^  0.1  iilDW  =  5.35m{l  -  0,lnH)H\,     («) 
or  for  api)ioximate  results, 

Q  =  Cd  -  OAnlDin  =  3.33(Z  -  0.1nIT)ffl         (7; 
This  last  formula,  suggested  by  Mr.  Francis,  assumes 


♦  Lowell  Hydraulic  Experiments ;  Van  Nostrand,  New  Yoik,  1868. 


INl'HtlASE  OF   VOLUMK   DUE   TO   INITIAL   VEIXK'ITV. 


:M6 


8V^Q,anii  V-^ 


tliat  the  discliarge  is  from  a  reBervotr  infinitely  large,  so  tliat 
the  watiT  approaching  bas  received  no  initial  velocity. 

.•111.  Inrreiist'  of  Volimu'  due  to  Iiiitiiil  Velocity 
-tl'  Wiit*>r. — W  lien  there  ia  appreciable  velocity  of  approach, 
let  A"  be  the  section  of  sti-eain  in  the  channel  of  approach, 
and  r  the  mean  velocity  of  ilow  in  the  section  S\  and  7i.  tlif 
'icifjht  to  wliicli  tlie  velocity  V  ia  due,  and  Q  the  vohiinp 
enhanced  by  the  initial  velocity.     Then 

-  "s,  and  ti  =  --,- . 
S'  .   '2g 

If  the  mean  velooity,  V,  is  to  be  determined  from  the 

sarface  motion  f^f  the  water  in  the  channel  of  approach,  let 

V  be  the  surface  motion ;  then,  as  will  be  shown  in  the 

ronsideiution  of  flow  of  water  in  channels  (§  iKi2),  the  mean 

velocity  is.  ajjproximately,  eight-teotlis  of  the  surface  ve- 

i'>.^ity,  and  V'=  .8  V  ,  and  A  =  —a- 

Referring  again  to  a  parabolic  segment  of  length  equal 
til  the  unit  of  length  of  weir, 
IV.    iO,  and  let  H=wp^  and 
A  =  w,    and    f '3.17/?  =  ■pp'  and 

v%i;HVh=pt. 

The"  ordinate  pp'  of  the  seg- 
ment o[>p  is  the  projection  of  a 
pambolic  svgment  whose  volume 
equals  thr>  volume  of  tlow  when 
the  deptJi  upon  the  weir  equals 
ap. 

\Vhen  the  flow  has  no  initial 
velocity  the  ordinate  at  «  =  0, 

but  when  the  flow  has  an  initial  velocity  due  to  the  height 
na  =  li.  the  ocdinate  at  "  equals  V^gh  =  oa',  and  the  ordi- 
nate at  p  =  V^giH  +  At  =ptt  and  any  ordinate  /,  at  a 


Fig.  *■-. 

9 

y 

/ /" 

tL4 

1 
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depth  li  =  4^,  equals  V2gh  :=^ff'\  therefore  the  increaae 
of  volume  of  flow  due  to  initial  velocity  is  represent-ed  by 
the  volume  aatpf\  and  the  whole  volume  of  flow  hy  the 
volume  apta\ 

Tliis  last  volume  is  the  volume  spt  less  the  volume  Boa!^ 
and  equals,  for  unit  of  length, 


....    IS) 

Let  Q  be  the  enhanced  volume,  and  let  //'  be  some 
depth,  ///?,  upon  the  weir,  tliat  substituted  for  ^  in  the 
ordinary  formula  for  Q  would  give  the  value  of  Q. 

The  formula  then,  if  there  are  no  end  contractions,  is 

Q^lmlV^g  H%  (9) 

or,  for  approximate  measures,  including  end  contractions, 

If  any, 

Q  =  3.33  (Z  -  0. 1  nll^)  IT  K  (10) 

To  determine  the  value  of  //'  from  {H  +  h\  substitnte 
the  value  of  Q  in  the  equation  (8)  of  volume  for  one  unit  of 
length,  and  we  have 

I  x2ff\{II-^  hy^A^l  =  \iV2gJI1l 

and  reducing,  we  have 

H'  =  \{H+Ay^h^l  (U) 

If  the  volume  of  flow  {Q  =  ^ml  V2ff  W)  is  known,  and  it 
is  desired  to  find  the  depth  H  upon  a  weir  of  given  length, 
then  by  transposition  we  have, 


=  J"^-{';  (Mi 


fOEKFlCIKST3    FU[{    WBIH    FOBHULAS. 

,  in  case  of  initial  velocity  in  the  approacliJug  water, 


(13) 


The  first  of  these  two  values  of  H  will  give  results  suf- 
kiifnlly  near  for  all  ordinary  practice,  if  the  initial  velocity 
s  not  exceed  one-lialf  foot  ppi  second. 
In  the  above  formulas  of  volume  the  symbols  represent 
ahn^-s  as  follows : 
Q  —  volume  due  to  natural  flow,  in  cubic  feet  per  second. 
I  =  length  of  weir,  in  feet. 
1  =  effective  length  of  weir,  in  feet. 

m  =  coefficient  of  crest  contraction,  determined  by  exper- 
iment. 
H—  observed  depth  of  water  upon  the  weir,  in  feet. 
S  =  section  of  channel  leading  to  the  weir,  in  square  feet 
Y  =  mean  velocity  of  water  approaching  the  weir,  in  feel 

per  second. 
Ji  =  liead  to  wliich  this  velocity  is  due,  in  feet. 
^g  =  64.3896,  or  64.4  for  ordinary  calculations. 
ff'  =  head  upon  the  weir,  when  corrected  to  include  effect 

of  initial  velocity  of  approaching  water, 
Q  =  volume  of  flow,  including  efl'ect  due  to  initial  velocity 
of  approaching  water. 

313.  Coefficients  for  Weir  Formulas.  — Tlie  con- 
rolling  influence    of  tlie    contractions  entitle  tliem  to  a 
ailed  study. 

In  Mr.  Francis'  formula  for  volume,  quoted  above,  tlie 

end  contraction  is  assumed  to  be  a  function  of  the  deptii 

and  the  crest  contrartion  to  be  compensated  for  by  the 

coeflicient  C,  of  which  m  is  tlie  variable  factor  dependent 

■MDpon  the  depth. 
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In  the  following  table  the  quantities  in  columns  A,  B^ 
D,  By  F  have  been  selected  from  Mr.  Francis'  table,  the 
column  C  reduced  from  its  corresponding  column,  and  the 
column  O  computed.  Each  of  the  columns  are  means  of  a 
number  of  nearly  parallel  experiments,  and  they  are  ben 
arranged  according  to  depth  upon  the  weir. 


TABLE     No.    68. 

Experimental  Weir  Coefficients. 


A. 

1 

B. 

! 
1 

a: 

•a  ^  ^ 

1 

c. 

9 1.3  II 

D. 

1 

E. 

F. 

G. 

II 

u 

l 

"2     "1:  d 

8  >.  *  S. 

•a  ""    ' 

• 

t 
3 

fc3.S 
0 

1       -^0 

1      ^3 

^    1 

-a 
> 

.62 

Oi 

a     J- 
.    - 

16.0382 

ot     «•- 

i 
1 

9-997 

16.2148 

16.0502 

3-3275 

.622 

9-997 

.65 

17-3401 

17.1990 

17.2187 

3-3262 

.622 

9-995 

.80 

23-7905 

23.8821 

23.8156 

3-3393 

.624 

9-997 

.80 

23-4304 

23.4011 

23-4391 

3.3246 

.621 

9-997 

'^Z 

25.0410 

24.8313 

24,7548 

3.3403 

.624 

9-995 

.98 

32.5630 

32.3956 

32.2899 

3-3409 

.624 

9-995 

1. 00 

33-4946 

33.2534 

33-2833 

3.3270 

.622 

9-997 

1. 00 

32.5754 

32.5486 

32.6240 

3-3223 

.621 

9-997 

1.06 

36.0017 

35.8026 

35-5602 

33527 

.627 

9997 

1-25 

455654 

45-4125    , 

45.3608 

33338  1 

.623 

9-997 

1.56 

62.6019 

62.6147 

62.8392 

3.3181   ! 

.620 

7-997 

.68 

14.5478 

14.4581 

14.4247       1 

3.3368  1 

.624 

7997 

1.02 

26.2756 

26.2686 

26.0333 

3.3601 

.628 

i 

Mean, 

.623 

Mr.  Francis  points  out  the  necessity  of  caution  in  apply- 
ing the  above  formula  for  Q  beyond  the  limit  covered  by 
the  experiments,  but  it  occasionally  becomes  necessary  to 
us(»  som(^  formula  for  depths  both  less  and  greater  than  la 
included  in  tlie  above  table. 

After  plotting  with  care  the  results  obtained  in  yarioiu 
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penments  by  different  experimentalists,  we  suggest  the 
Uuwing  uoethcieiita  lor  tlie  respective  given  deptliB,  until  a 
ries  of  equul  mnge  stiali  be  estiiblished  by  expeiinu  nt?-: 
Ith  a  staiidard  weir  gauge.  At  the  same  time,  we  advise 
at  weirs  be  bo  proportioned  tliat  the  deptlis  upon  t'leni 
ill  conform  to  the  limits  alivady  covered  by  experiment, 
frat  least  Iwtween  6  and  48  inches  depths,  and  with  lengtli 
quaJ  to  four  times  the  depth. 


BU.- 

<.. 

., 

.6 

.» 

.,« 

... 

... 

VnhworH 

0%"!;=,:::::: 

.*.s 

"4S 

.6.5 

.6.J 

B 

iS 

... 

rSfi 

t#! 

Depth.  r«u 

»-s       *• 

3.S           ..= 

*•! 

S.O 

s.,        »..        ,... 

'[  S" 

Value  or  w 

-I.e..     ,•.  488 

•  .■■f: 

st" 

.; »:  .£  .;^! 

i[    -6*7 

313.  DiBchar^s  for  Given  Depths. — I'be  following 
table  of  approximate  tlow  over  each  foot  in  length  of  a 
Bliarp-crested  rectangular  weir  has  been  prepared  to  aid  in 
adjusting  tlie  proportions  uf  weirs  for  given  stii'anis.  End 
contractions  are  not  hei-e  allowed  for.*  The  coefficients  O 
(in  CIH^)  are  taken  from  table  above,  and  I  equals  unity. 

The  proportions  of  weir  and  its  ratio  to  section  of  clian- 
nel  are  here  supposed  to  conform  to  tlie  general  suggestions 
given  above. 


the  lotal  Id 


npeneate  fnr  a  single  end  ooBtractioD.iii 
ff'.h.  in  (eel.  au  amoant  eqaal  Xn  nneu^nll 
Aarv  UiP  lotal  len^li  it  llki-  am  >uiit  tit  ci 
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TABLE    No.    70. 

Discharges,  for  Givsn  Depths  over  each  Lineal  Foot  op  Wta 


1^1 

//\ 

.04 

.0080 

'05 

.0112 

,06 

.0147 

,07 

.0185 

,oS 

.0226 

,09 

.0270 

.10 

.0316 

,11 

.0365 

.12 

.0416 

.13 

.0469 

.14 

.0524 

.15 

.0581 

.16 

.0640 

.17 

.0701 

,18 

.0764 

.19 

.0828 

.20 

.0894 

,22 

.  1032 

.24 

.1176 

.26 

.1326 

.28 

.14S2 

,30 

.1643 

.32 

.179:) 

•34 

.I9'>3 

.36 

.2160 

.38 

.2342 

,40 

.2530 

.42 

•44 

.2919 

1.0386 
I.X072 

I.I77I 

1.2483 
1.3209 

1-3951 
1.4724 

1  .'5475 
1.6286 

1.7080 

I . 7888 

I . 8705 

1.9540 

2.0380 

2.1237 

2.2104 

2.2996 

2.3883 

2.4788 

2.5699 

2.6620 

2.7557 
2.8500 

2  9455 

3  0432 

3-1407 
3-2395 
3.3390 
38522 


I. a 

1.3 

1.4 

1.5 
1.6 

1.7 

1.8 

1.9 
2.0 
2.1 
2.2 

23 

2.4 

2.5 
2.6 

2.7 

2.8 

2.9 

30 

31 
3.2 

3.3 
3-4 
3.5 
3.6 

3.7 
3.8 

3.9 
4.0 


I. 3145 
1.4822 

1.6565 
1.8371 
2.0239 
2.2165 
a. 4150 
2  6190 
2.S284 
3.0432 
3.2631 
3.4BS1 
3.7181 
3.9528 

4.1924 
4.4366 

4-6853 

4.9385 
5.1962 

5.4581 

5.7243 
5  9948 
6.2693 
6.5479 
6.8305 

7.1171 
7.4076 

7.7019 
8.0000 


I 

2 

u 


4.390* 
4.9506 

5.53«7 
6.1341 
6.7576 

7.3987 
8.0611 

8.7431 

9-4413 
10.1581 

10.8921 

I  1.628m 
I2.396l» 

i3.i7fcS 

13-9773 
14.7915 
15.6208 
16.84S5 
17.3230 
18.1809 
19.0676 
19.9637 
20.8830 
21.8110 

22.752.^ 
23.7071 
24.571^^ 

25.54:2 
26.5360 


TIk*  coeffi/'ienis  derived  from  the  experiments  of  C;ii^el 
and  D' Aubiiisson,  Du  Buat,  Poncelet  and  Lebros,  Snieaton 
and  Brindley,  and  Simpson  and  Blackwell,  have  been 
deduced  by  those  emint^nt  experimentalists  to  compensate 
for  all  contractions.  In  such  cases,  the  ratio  of  length  of 
weir  to  depth,  especially  where  depth  exceeds  one-fourth 
the  length,  and  the  ratio  of  length  to  breadth  of  channel  by 
which  water  approaches,  (?xert  controlling  influences  upon 
the  coefficient. 


^K  The  following  table  of  coefficients,  deduced  hy  Cast*!, 

^bIkivv  tlit^  iiiHuence  of  depth  and  length, 

In  thfsif  I'xperiments,  Caste!  used  for  channel  a  w<Kiden 
trough  2  feet  5J  inches  wide,  and  the  weir  placed  upon  its 
discharging  end  was  in  each  case  of  tliin  copper  plate. 
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TA  B  LE     No. 
Weir  Coefficients,  bi 


-JJ '-' 

1.437  fnl  wide. 

COBfTM 

,.m> 

Lhc  lengths  of  the  ov 

rfill  being  respectively 

^tl  «, 

«. 

FT. 

Fl. 

Fl.    i  Ft.    ,  Ft.    ,  Fl.    ' 

Fl.       Fl.       Fl.    1   Fl. 

x.gi 

1.64 

..3.  ,  0.98  ,  0,6s 

0,31 

016     =.;,     0.0*1  0.03 

e./«   

%  ,  ::::: 

o.we 

;gj 

«i4  o.eio  1  .640  0.^ 

.613  .    .6.8  1    .6,1       .67. 

.::;j:^  :4,:::; 

•:S 

..)       .Mt 

.-9  1     ,66, 

X  I  is 

.6^1      .6.6     .6>l       .WJ   1 
.6]i      .6»3     -619      .fa* 
.«i6      .63.     ,6m      M 

If  we  plot  certain  series  of  experiments  by  Smeaton  and 
Brindley,  Poncelet  and  Lesbro,  Du  Bnat,  and  Simpson  and 
Blackwell,  and  take  tlie  corresponding  series  of  coefficients 
from  the  resulting  cu^^"es,  we  have  the  following  results  for 
the  given  depths  and  lengths. 


^ 


TABLE     No.     72. 
Series  of  Weik  Cokkficients. 


I 

IS 

If 

DWTHIU 

™  Wm  »  F.r,. 

Fl.     fV.\ft.\j^.\  Fl. 
.«M    .6fa,    Ns!  -63S    .6.0 

:in:;S:»:S::;3 

5 

.605 

s 

_Z3! 

«.  I «.  1  /If. 

Smnlon  and  Brindler 

^i.. 

.*T« 

SlmjnonuHl  Bbidjwcn..   . 

,s 
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Within  the  linitte  of  deptlis  covered  by  llie  above  experi- 
uente  the  coefficients  aii  increase  as  the  depths  decnase, 
except  in  tlie  last  series  l)elonging  to  the  10  foot  weir.  TIk 
curves  iu  each  instance  begin  to  bend  rapidly  at  depths  of 
about  thi-ee-tentliB  feet.  In  the  two  last  series  above,  Ihe 
convexities  of  the  curves  are  opposed  to  each  otlier.  and  Uie 
curves  eioas  at  a  deptli  of  .275  feeL 

:{14.  V'airiium  under  the  Crest. — If  the  partitiona  J 
(Pig.  44)  aiv  prolonged  below  the  weir  so  as  to  close  tiie 
ends  of  the  crest  contraction,  and  tlie  fall  is  slight  to  surtace 
of  tail  water,  tiie  moving  curi-ent  will  withdraw  ButHnenl 
air  from  under  the  t'aU  to  product!  a  vacuum  iu  the  cn-A 
contraction,  from  which  will  result  an  increased  flow  ovar 
the  weir.  Such  vacuum  will  take  place  if  the  surface  of 
the  tail  water  rises  to  the  level  of  the  crest  when  there  la 
two  and  one-half  or  more  inches  depth  flowing  over  tlie  weir. 

The  tail  water  may  rise  near  to  the  crest  of  the  wi  ir.  if 
no  vacuum  is  produced,  without  materially  afl'ecting  the 
volume  of  flow. 

:{15.  Examples  of  luitial  Velocity. — Mi-.  Frnncia 
found  that  with  a  half  foot  depth  upon  the  weir,  a  lialf  foot 
per  second  initial  velocity  of  approach  increased  the  dis- 
char^ge  about  one  per  cent.,  and  with  oue  fo<)t  upon  tlie 
weir,  one  foot  per  second  initial  velocity  increased  the  dis- 
charge about  two  per  cent, 

Wlien  initial  velocity  exists  in  the  approaching  water, 
and  the  flow  is  irregular,  with  eddies,  results  of  subuiei^ged 
obstructions  or  irregular  channel,  the  channel  should  be 
correct(?d,  and,  if  necessary,  a  grating  placed  in  the  stream 
s.tme  distance  above  the  weir,  so  that  the  water  will  ap- 
proach with  steady  and  even  flow  upon  each  side  of  ttie 
channel's  axis,  so  that  corivct  nieasun-ments  may  be  lakeg 
of  the  height  of  the  surface  of  tlie  t^tn'ani  abovethe  weir- 
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316.  Wide-Cre«ted  Weirs.— If  the  crest  of  ttie  weir  is 
tckened,  as  in  tlie  casse  of  an  uiRliaiiiiinxi  plaiik,  the  jet 
ds  tt>  C10H8  in  eoutaot  with  its  full  civst  breadtli,  and  tlie 
Btruction  is  distorted.     This  is  especially  the  case  when 
9  depth  upun  the  weir  is  less  tliaii  tliree  inches. 
)  If  the  edge  receiving  the  current  is  not  a  perfect  angle 
Vot  great4>r  than  a  right^augle,  tliat  is,  if  it  Ih  worn  or 
rounded,  tlie  Jet  tends  to  follow  tlie  crest  sur&ce  and  dis- 
tort the  contraction. 

In  such  cases  the  ordinary  formula  are  not  applicable, 
and  the  safest  remedy  is  to  correct  the  weir. 

When  the  weir  creat  is  about  three  feet  wide,  and  level, 
with  a  rising  mcline  to  its  receiving  edge,  as  in  Fig.  47,  Mr, 
Prancis  suggests  a  formula  for  approximate  meapurementa, 
when  end  contractions  are  suppressed,  for  depths  between 
ax  and  eighteen  inches,  as  follows : 


f 


Q  =  3.012()8  I  H'" 
The  coefficit!nt  m  is  here  .563  approximately. 


(12) 


In  Mr.  Bhick well's  experiments  on  weirs  three  feet  wide, 
Vtlh  level  and  inclined  downward  from  the  receiving  edge 
to  the  dischaige,  coefficients  m  were  obtained,  as  follows, 
Applicable  to  the  formula 

Q=lmlVrgB\.  (13) 


;)M 
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TABLE    No.    78. 


CosFFiaENTs  FOR  Weir  Crests  Threb  Febt  Widi. 


•oSwiiMr     3  feet  long. 


10? 
,607 

.v>i7 


.452 

.482 

.441 

.419 
.479 

.501 

.488 
.470 
.476 


3feet  looff. 

ioclinedT 

X  in  18. 


Mr. 

.545 
.546 

.537 

.431 
.516 

•    •    •    • 

.513 
.491 

.492 


3  feet  long, 

inclined. 

X  in  IS. 


.467 
.533 
•539 
.455 

•  •  •  • 

•531 
•527 

•  •  •  • 

.498 


6feetlocMr, 


492 
497 

*  •  • 

507 
497 

•  •  • 

480 
465 
467 


to  feet  loQf , 
level. 


lofMtkii 


381 
479 

•  *  • 

•  *  • 

518 

513 

•  ■ . 
468 
486 

455 


liail 


467 
495 

•  •  • 

5»5 

• « . 

543 

•  •  • 

507 


HH*  Triauigriilair  Notches.— Prof.  James  Thomson,  of 
l\w  ruivorsity  of  Glasgow,  i>rojx)sed,  iu  a  paper  read  before 
(ho  British  Assi>ciation  at  Leeds,  in  1858,  a  triangvlar  form 
\>i  uu^i^uriug  weir.  In  his  experimente  with  such  weir,  the 
vli  piUs  of  water  varitxl  from  2  to  4  inches,  and  the  rolumes 
luun  aK^  to  .6  on  Wo  feet  per  seooinL  From  his  experi- 
uuais  with  a  rivrhtanirleii  triaiurnlar  notch  he  derived  the 
loiiaoU  v^ith  h  in  inches  ami  ^>  in  cubic  feet  per  minute). 


Q  =  "..^17  A 


H) 


rho  tlv^w  for  all  d*  |T}.>  would  be  through  simihu'  tri- 
an^U\N  ihv^^\M*oT>^  ar,  »!Vi]Mrioal  formula  applies  with  greater 

Pu*i  rVov.^.MV.  r':v."  r  .1  tVat  •'in  the  proposed  system 
\W  ^\\i.k\\K\\\  t-o^xiv,^:  V*  :v.*^  10  be  a  function  of  only  one 
*ai«^Wo  iuv,u\\,  :^  t  r..t,;»s.;rt\i  head  of  wat^ — ^wbile  in 
»iK'  »\vU4i^ul;>r  •  o:v ''  <  ^:  :>  ;^  fv.'jotion  of  at  lesst  two  rari- 
*\K\\^  »K*UK  l\ .  •,:\^  1  <<«.:  V  f  >*.'i:er.  and  the horiioptal  width 
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[  the  notch  ;  anil  is  commonly  also  a  luuL-tion  of  a  third 
triable,  namely,  tho  dfptli  from  tlie  crest  of  the  notch 
1  to  tlie  bottom  of  the  cliauuel  of  approach." 
When  the  stream  is  of  such  magnitude  aa  to  reqiiire  a 
nsiderable  naml:>er  of  triangnlar  notches  ^say  of  90° 
or  iwjsceles  right-angled  triangles)  for  a  single  gauge, 
ne  gri'atest  nicety  will  be  required  to  place  the  inverted 
a/'ices  ail  in  the  sann;  exact  level,  so  one  measurement  of 
depth  only  may  suffice  for  all  the  notches. 

Tile  angles  of  the  notches  in  each  weir  must  conform 
exactly  to  the  angles  uf  the  notch  fnjm  which  the  empirical 
formula,  or  series  of  coefficients  for  given  depths,  was  de- 
duced. 

For  large  volnmes  of  water,  the  great  length  required 
for  a  sufficient  number  of  notches,  as  well  as  depth  luquiR-d 
in  each  not^li,  are  often  obataeles  not  easily  overcome,  and 
the  mechanical  refinement  necessary  to  ensure  accoracy  of 
measuivment  is  often  difficult  of  attaiumeut, 

:I18.  ObMtat'lert  to  Aecunitf  MeaKureR. — A  correct 
measurement  of  the  depth  of  water  upon  a  weir  is  not  so 
easily  obtained  as  might  be  supposi'd  by  tliose  unpractised 
in  hydraulic  experiments. 

If  the  weir  is  truly  level  and  the  shoulders  truly  vertical, 
which  are  residts  only  of  good  workmanship,  and  the 
length  intended  to  be  some  given  number  of  even  feet,  tiie 
chances  are  that  only  a  skilled  workman  will  have  brouglit 
the  length  within  one,  two,  or  even  three-thousandths  of  a 
foot  of  the  desired  length.  Agaui,  when  the  weir  is  truly 
adjusted  and  its  length  accurately  ascertained,  it  is  not 
easy  to  measure  the  depth  upon  the  crest  within  one  or  two 
thousandths  of  a  foot,  without  excellent  mechanical  devices 

I  for  the  purpose. 
The  errors  due  to  agitation  or  ripple  upon  the  water  and 
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the  capillary  attraction  of  the  measuriiig-rud  hare  to  \t 
eliminated. 

If  the  graduated  measaring-rod  is  of  clean  wood,^tai^ 

:^teel,  cop]M.'r,  or  any  metal  for  which  water  has  aa  lAfr 
ity,  and  its  surface  is  moist,  or  is  wetted  by  ripph^  Ae 
water  will,  in  consequence  of  capillarity,  ride  upoo  itahM 
tiie  true  water  level ;  or  if,  on  the  other  haiHL.  the  radii 
fin'a<y,  the  waOT  niay.  in  cr*n«equenee  of  molecular  npd* 
i^'um.  not  ns4'  ujnm  it  to  the  true  ^uriace  lerel. 

Tije<e  Miun'fs  of  ('rrr»r  may  not  be  of  mtich  conseqiMBOB 
in  ^ii:rin^s  of  niouiitaiu  streams,  when  the  only  objeetis 
to  a><-«'rtaiii  approxiinati-ly  the  flow  i'it>m  a  griven  watenhed; 
but  ill  nn'a<iir*.'nH'riti?  of  ]ower.  and  in  tests  of  motc»8|tiu^ 
biue>.  and  pump?,  tln-y  are  of  eons«.'qnence. 

U]M»n  a  w«*ir  t«-n  f'-^'t  k»nir,  with  one  foot  depth  of  wato 
flMwini:  <»vi'r.  an  t.'rn:»r  of  one- thousandth  of  a  foot  in  mea^ 
un'Ui«iit  Mld«']»tli  will  aflect  the  computation  of  flowaboat 
ii.:-n  cu]*\r  f^-^T  ]»Hr  mimiT".  jind  aii  ri^T  of  one-thousandth 
of  a  fyn.*i  al«niT  ;V  «'f  '11*  indp  in  ]**ngth  will  aflect  thecom- 
putati«»n  alH»ut  twn-tt-nTli>  of  a  cubic  foot  per  minute. 

T!:rs<'  ani«  •uiiTs  of  water  uivm  a  twenty-five  or  thirty  foot 
fall  woulil  liav.  .jni:.-  ai'Vi'-ciabL*  effects  and  value. 

;^10.  ll(H»k  Ciauire. — A  v^tv  ingr»nious  and  valuable 
insurr.ii '.ii  i't  a^runit'-v  a^.-' nalnini:  the  true  levc'l  of  the 
\\:;!;^  >i:.;ir.\  ;i:.«i  -b]  li:  u>'n  a  wrir  to  Still  water,  waa 
in\.  ::i«i:  *:*\  U:iali  R-v-bn.  r. E..  of  Boston*  and  used  bv 
1m;.;  ;.'.  .  \  »j::u;-ic  rxir  ir.\- 1:!>  :i>  eailv  as  the  year  1840. 

.  i   >.  -  s^>*::  ::i    r;r  vf  i:<  fonii?,  in  Fie.  48,  is  commonlv 

■ 

r:.is  j:;i;i::v  T^:.^br<  v^^rillarv  attraction  a  useful  aid  to 
•  Iriiit  iMi>^!.  i:i<!»\hi  .^f  l>ii:;ra  tn^iblesome 'source  of  error. 

rih*  n.-^tiMViiM  is  i^nvi'v  <iviin>d  to  solid  substantial 
iN\'UUN  »xi  :\  v.\:\>y^vi:\  :'ih\\::v,rr.'[.  90  that  it  will  be  suspended 
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over  tile  water  channel  a  few  feel  up- 
»ti-eam  fi-oiu  tlie  weir,  and  wlicre  the 
water  eurfaeo  is  prot*!cted.  natui-ally 
01-  aitificially,  I'mm  the  iiiHueiice  of 
wiud  and  eddit'fi.  The  gauge  is  liere 
adjust^  at  fiicL  a  lieight  tliat  when  it 
reads  zero  the  jwint  of  tlie  hook  sliall 
accuratt-ly  eonfonn  to  the  h;vel  of  the 
ci-est  of  the  weir  ;  or  the  Temier  reading 
i»  to  be  taken,  with  the  hook  at  tlie 
I'xact  weir  level,  for  a  correction  of 
future  readings. 

This  correction  ia  to  be  veriiied  as 
occasion  requires  between  successive  ex- 
periments. 

AVhen  tiie  full  flow  of  water  over  the 
weir  has  become  uniform,  the  hook  ia 
to  be  can'fully  raist^d  by  tlie  screw  mo- 
tion, until  the  point  Just  reaches  the 
surface  of  tlie  water.  If  the  point  la 
lifted  at  ail  above  the  wat*'r  Bui-faee,  the 
water  is  lifted  with  it  by  fapillary  at- 
traction, and  the  reflection  of  light  from 
the  water  surface  is  distorted  and  reveals 
tlie  facL  The  screw  is  theu  to  be  re- 
versed and  the  point  slightly  lowered 
to  the  true  surface. 

In    ordinarj'    lights,    differences    of 
0.001  of  a  foot  in  level  of  the  wati-r  are 
easily  detected  by  aid  of  the  hook, 
^^    and  even  0.0001  of  a  foot  by  an  expe- 
rienced observer  in  a  favorable  light. 
Sucii  gauges  are  ordinarily  gradu- 


gilt      J 

Ida-    ^M 
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«fied  to  hnndredttis  of  a  foot  and  are  provided  with  a  ver 
oWr  indicating  thousandths  of  a  foot,  and  fractions  of  tli 
Ittst  measure  may  be  estimated  with  reliabili^. 

:i!JO.  Utile  Gaugre.  —  For  rougher  and  approximate 
mc^asures  a  i)Ost  is  set  at  an  accessible  ix)int  on  one  side  d 
the  cliannel,  above  the  weir,  and  its  top  cut  off  level  at  the 
exact  level  of  the  weir  crest. 

The  depth  of  the  water  is  measured  by  a  rule  placed 
vertically  on  the  top  of  this  i)Ost  and  observed  with  care. 

:W1.  Tube  and  Scale  Gauge. — For  summer  nieas- 
un*s,  a  pipe,  say  thre(?-fourth  inch  lead,  is  passed  from  the 
dead  water  a  litthi  above  the  weir,  through  or  around  the 
weir,  and  connected  to  a  vertical  glass  water  tube  set  below 
tlie  weir  at  a  convenient  point  of  observation.  In  such  case 
a  scale  with  fine  graduations  is  fastened  against  the  glass 
with  its  zero  level  with  the  weir.  With  such  an  arrange- 
iniMit  quite  accurate  observations  can  be  taken,  as  the 
wattu-  in  a  thi-ee-quarter  inch  tube  will  rise  to  the  level  of 
I  n»  water  above  the  weir  over  the  open  mouth  of  the  tube, 
due  precaut''^ns  being  taken  to  keep  sediment  out  of  the 
tube. 

IViUx.  Weir  Volumes.— Table  No.  70,  page  290,  has 
l>een  computed  with  a  variable  (7,  as  in  table  69,  as  is  proi)er 
(ov  (»l()se  acrcumcy.  Table  73a  gives  results  more  in  detail, 
but  is  computed  with  a  constant  coefficient,  by  formula  No.  7, 
l»H^e  284,  for  each  hundredth  of  foot-depth,  from  0.2  ft.  to 
H.o  ft.  Tlie  intermediate  thousandths  of  a  foot-depth  maj 
\mi\i\y  Ih*  interpolated.    (See  Table,  No.  so,  page  as<>.) 
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TABLENo.    73a.                                            J 

J 

Computed     Weir     Volumes.                                 " 

■ 

OB»han)C«M.C  =  3-33(i-o.t  » //)  iV' (g  310,  p.  9B4).  fof  each  lineal 

fool  of  weir. 
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IF  there  is  velocity  of  a])proach  (§  311,  p.  28fi)  divide  the 

ceir  volnine  as  above  by  section  of  channel,  in  square  feet, 

<>r  approximate  vehicity  r.    Tlieii  the  additional  deptli  on 

veir  due  to  this  velocity  is  A  =  (o*  -=-  64.4>.     Add  to  the 

neasored  depth  1.5  /t  for  the  corrected  depth  on  weir,  and 

hen  take  ttie  volume  from  t!»'  above  table  for  the  corrected 

iepth,  or  for  closer  accuracy  compute  by  formula  No.  10, 

f«ge  286,  with  coefficient  from  table  60. 

The  coefficient  of  ?i  (1.5)  becomes  2.05  approximately 

ffhen  then-  is  velocity  of  approach  with  end  contraction. 

k 

^ 

CHAPTER  XV. 

FLOW    OF    WATER   IN    OPES    CHANNELS. 

822.  Grjivify  the  Origin  of  Flow.— Giavity  tends  ta 
ffnuBf  motion  in  all  bodies  of  watiT.  Its  effects  apon  the 
llow  of  watf  r  under  pressure  Iiave  been  already  discasaed 
t^Cbap.  Xiri),  as  bave  also  t}je  effects  of  the  reactions  and 
cohesive  attractions  that  itjtard  its  flow. 

Tiie  same  influencee  control  the  flow  of  water  in  open 
anneln. 

The  fluid  particles    are    attracted  toward  the  eartb'a 
litre  along  that  path  where  the  least  resistance  is  op- 

An  inclination  of  water  surface  of  one-thousandth  of  a 

(ot  in  one  foot  distance  leaves  many  thousand  mole<-ule8 

t  water,  but  partially  supported  upon  the  lower  side,  and 

Bthey  fall  freely  in  that  din^otion,  and  by  virtue  of  their 

■Weight  press  forward  the  advanced  particles  in  lower  planes. 

Fto.  40. 
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If  water  ia  admitted  fi-om  the  reservoir  A,  into  tlie  open 
canal  li  (Pig.  49),  until  it  rises  to  the  level  hb',  it  wJ'.l  there 
stand  at  rest,  although  the  bottom  of  the  channel  is  in- 
_  dined,  for  its  surface  will  be  in  a  horizontal  plane.     The 


^ 


A 


I 
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lesiBtances  to  motioD  upon  opposite  iiiclosiug  Bides,  and 
also  upon  opposite  ends,  balance  each  other.  The  alge- 
braic sum  of  horizontal  reactions  from  the  vertical  end  M, 
1b  exactly  equal  to  the  sura  of  the  lionzoutal  reactions  fron 
the  inclined  bottom  df>',  for  the  vertical  projection,  or  trace 
of  tile  inclined  area,  db\  exactly  equals  the  vertical  area  fid. 

The  same  equilibrium  would  have  resulted  if  the  bot- 
tom had  been  horizontal  or  inclined  downward  from  cf  to/, 
and  a  vertical  weir  placed  at  /A',  for  tlie  horizontal  rpacti(iU 
Srom/h'  would  have  been  balanced  by  the  sum  of  the  hori- 
zontal reactions  from  bd  and  df, 

A  destruction  of  equilibrium  permits  gravity  to  generate 
motion. 

If  a  constant  volume  of  water  is  jtermitted  to  flow  from' 
the  reservoir  A  into  the  channel  B,  tlie  water  surface  will 
rise  above  the  level  bb,  when  there  will  be  less  resistance  at 
tlie  end  b'  than  at  b,  and  the  fluid  ])articles,  impelled  by  the 
force  of  gravity,  will  flow  towaid  b'.  Wlien  motion  of  the 
water  is  fully  establislied,  and  tlie  flow  jiast  b  has  become 
uniform,  there  will  result  an  inclination  of  the  surface  from 
a  toward  a.  Tliis  inclination,  being  a  resultant  of  a  con 
Btant  force,  gravity  may  be  used  as  a  measure  of  the  por- 
tion of  tliat  force  tliat  is  consumed  in  maintaining  the 
Telocity  of  flow. 

vt'i.t.  IteNlKtaiiees  to  Flow. — Let  the  channel  be  ex- 
tended from  b'  (Fig.  49)  indetinitely,  and  witli  uniform  in- 
clination,  as  from  a'  to  k  (Fig.  50).  Some  resistance  to  flow 
will  be  presented  by  the  roughness  and  attraction  of  tha 
sides  and  bottom  of  the  channel. 

If  tlie  sides  and  bottom  are  of  uniform  quality,  as 
specta  smoothness  or  roughness,  the  amount  of  their  resist* 
ajice  in  each  unit  of  length  will  be  projiortional  to  the  f^tiiii 
of  their  areas,  plus  the  water  surface  in  contact  with  H» 
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an 


'  reduced  by  an  experimental  fractional  coefficient ;  and 
)  square  of  the  velocity  of  flow  past  them  ;  and  in- 
raely  to  the  section  of  the  stream  flowing  past  them, 

8  exact  resistance  due  to  the  air  perimeter  has  yet  to 

t  separated  and  classified  by  a  series  of  careful  exjieri- 

nta,  but  we  may  assume  that  the  resistance  of  calm  air 

for  each  unit  of  free  surface  will  not  exceed  one  per  uenf. 

of  that  for  like  unita  of  the  bottom  and  sides  of  s-mooth 

channels,  and  will  hear  a  less  ratio  for  rough  channels. 

The  air  perimeter  resistance  will  be  increased  by  opims- 
ing,  and  following  winds  may  enhance  the  velocity. 

Let  li  be  the  sum  of  resistances  from  the  sides,  bottom, 
and  surface,  in  foot  pounds  per  second  ;  C,  the  contour,  or 
wetted  area  of  sides  and  bottom,  and  c,  the  width,  or  sur- 
f:ice  perimeter,  in  square  feet ;  f,  a  coefficient  of  c,  ;  -S'  the 
sectional  area  of  the  stream,  in  squai-e  feet;  and  «,  the 
mean  velocity  of  flow  of  the  sti-eam,  in  feet  per  second  ; 
then  we  have  for  equation  of  resistance  to  flow,  from  sides, 
bottom,  and  surface,  for  one  unit  of  length ; 


„       G±f<:      ,    ,v' 


(1) 


and  for  any  length,  /,  in  lineal  feet, 


_<y±/e. 


Xl  X 
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334.   Equations  of  ReBlstunce  and  Velocity. — 

When  the  surface  of  tlie  water  is  level  the  entire  foix:e  of 
gnivity  acts  through  it  as  jn-essure.  but  when  the  surface  is 
inclined,  a  portion  of  tlic  pressure  is  converted  into  motion. 
Motion  is  measured  by  its  rfiic  or  distance  passed  through 

^in  the  ^ven  unit  of  time,  and  the  rate  is  expressed  by  the 

BtArm  velocity/. 
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1l  fic. ».  kt  a'lr  be  the  inclination  of  the  water  sorfue 
A  mm  "jt  length  of  the  stream,  then  a"t  will  be  it$  t^- 
and  t'k  its  horizontal  distance, 
re  action  of  gravitr  g  to  maintain  motion,  or 
vi^oaj  fc£  che  water,  is  dependent  on  this  slope,  and  the 
imn^  ^  msaaJly  indicated  by  a  ratio  of  the  vertical  distance 
'u  'Zbt  icRKntal  distance. 

Fio.  50. 
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X-  SI 


IjK  I    be  the  vertical  distance   a"k  and  /  be  the  liori- 

^laaL  iKunoe  k'k.  and  i  the  slope,  or  sine  of  the  inclina- 

It" 
va^  :rnr.  the  ratio  of  slope  is  i  =  j  . 

I:  :i"t'  >ido5  and  bottom  of  the  channel  opposed  no  resisl- 
*jvv  V  tlow,  tlion  tlie  velocity  v  should  be  accelerati^  in 
^  V<:^^i  i***  ^^^  amount  equal  to  the  V2gh'\  but  the  flow 


V^i^  :;::it\^r!n,  the  sum  of  the  resistances  in  I  just  balance 
rV  4\V<*loninnir  ft^rcM*  of  p-avity  //,  and  the  velocity  r  con- 
jjj^^^  ftvnu  (?  to  Ji  at  th(*  sanit*  rate  that  had  already  been 
j^^Ni^Ji^xl  when  the  stream  reached  a',  which  was  due  to 

1^  inuispositioii,  wc  have  r  =  \^2gh. 
\i  \\u^  sum  i>l'  tljo  ivsistanees  in  the  length  VJc  balance 
iV^  ;i%\\'lonitinir  foive  due  to  the  head  a"k  =  A",  then  we 

'       ■    ^•^'^•xZm.  (3) 


ji.'^K^  Vicht  OAi  =  /^  =  v> 


^"  =  2^}' 


.s' 


*S^ 


Ti 


ft 


(4) 


EQUATIONS  OF  RESISTANCE  AND  VELOCITY.  803 

•  The   inverted  fractional    term    tt^-?-  =  _p?5*!25,   i^ 

0±fc^      Contour* 

in  open  channels  the  hydraulic  Toean  depths  and 
letter  r  is  used  to  express  it.     Since  i  expresses  the 

Talne  of  the  sine  of  the  slope  =  -y-,  we  have 

.=  |^}'=..«.  (6) 

The  total  head  i7  equals  the  heights  aa'  +  a"'k  =  7i  +  h", 
■lid 


(7) 


2gff   ]i 


'  1  +  m-  '  ^ 

In  long  canals  and  rivers,  with  slopes  not  exceeding 
three  feet  per  mile,  the  velocity  head  h  is  usually  insig- 
nificant compared  with  the  frictional  head  h'\  and  may  be 
neglected  in  the  equation. 

When  the  rate  of  flow  is  uniform,  A  is  a  constant  quan- 
tity, independent  of  the  length,  and  when  the  mean  velocity 
is  known  may  be  taken,  by  inspection,  from  the  table  of 
"Heads  {h)  due  to  given  Velocities,"  jmge  264. 

The  frictional  head  7/"  increases  with  the  length,  hence 
the  term  I  in  the  equation  of  h". 

8  * 

•  In  full  pipes  -^  equals  the  sectional  area  divided  by  the  full  drcumfcr- 

eDoe,  and  is  termed  the  hydraulic  mean  radius  (§  268),  but  in  open  channels 
the  contour  is  the  wetted  perimeter ;  that  is,  the  sum  of  the  sides  and  botttna 
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The  mean  velocity,  whioh  multiplied  into  the  sectioiHi 
area  of  the  stream  will  give  the  volume  of  dischaige,  is  i 
quantity  often  sought. 


v 


Neglecting  the  value  of  A  =  ^-,  which  has  given  tlie 

stream  its  resultant  motion,  and  taking  the  formula  for  h\ 
the  head  balancing  the  resistance  to  flow, 


h"  = 


2gr' 


and  we  have  by  transposition, 


(») 


r  = 


9 

m 

O 


in  which  v  =  mean  velocity  of  all  the  films,  in  feet  per  see. 

or 

hydniulic  mean  depth  =  ^  ,  ^    in  feet. 
^  0±fc. 

=  sine  of  inclination  =  -y-  in  feet. 

=  82.2. 

=  a  comprehensive  variable  coefficient. 
=  wetted  earth  perimeter. 
c,  =  surface  (air)  perimeter,  not  exceeding  ±  .W 

for  smooth,  or  ±  .05  for  rough  channels. 
I  =  length,  referred  to  a  horizontal  plane. 
V  s=  vertical  fall  in  the  given  length. 

325.  Equation  of  Iiiclinatlou.— If  the  flow  is  to  In 

at  some  predetermined  rate,  and  it  is  desired  to  find  Ita 
inclination,  or  slope  to  which  the  given  velocity,  for  Ita 
given  'hydraulic  mean  radius,  is  due,  then  we  have,  \si 
transposing  again, 


<  = 


("I 


COEFFICIENTS    OF    FLOW    IS    CHANNELS.  auS 

The  member  v,  refers  to  the  mean  motion  of  all  the  fluid 
reads,  or  the  rate  wliich,  miilti])lied  iuto  the  section  of  the 

,  gh'vs  the  volume  of  flow. 
a*46.  I'oeflieieutB  of  Flow  for  Channels.— The  value 
'  The  coefficient  of  flow  m,  iind  its  d^ijenilent  c,  is  very 
triable  under  the  intiuences  of 

(a.)  Velocity  of  flow,  or  inclination  of  water  surface ; 

(i.)  Hydraulic  mean  depth  ; 

(c.)  Mean  depth ; 

(d.)  Smoothness  or  roughness  of  the  solid  perimeter; 

(e.)  Direction  and  force  of  wind  upon  the  water  surface. 

A  complete  theoretical  fonnula  for  flow  in  a  straight, 
smooth,  symmetrical  channel  should  have  an  indeijendent 
coefficient  for  each  of  these  influences,  and  other  coetficients 
for  influences  of  bends,  convergence  or  divergence  of  banks, 
and  eddy  influences ;  but  such  mathematical  reflneraent 
bt'longs  oftener  to  the  recitation  i-oom  than  to  expert  field 
practice. 

The  comprehensive  coefficient  m,  for  open  channels, 
which  includes  all  these  minor  modifiers,  is  inconstant  in  a 
degree  even  greater  than  the  coefficient  m  for  full  pipes, 
which  we  have  already  discussed  (S  !J70.  Peculiarities  of 
tJie  Coefficient  of  Flow),  to  which  the  reader  is  here  refenvd. 

Experience  teaches  that  m  is  less  for  large  or  deep,  than 
for  small  or  shallow  sti'earas;  for  high  velocities,  than  for 
low  velocities ;  and  for  smooth,  than  for  rough  channels. 

Kutter  adopted,*  for  open  channels,  the  simple  formula 
K  =  c  Vri,  and  divided  the  values  of  c  iuto  twelve  classes, 
to  meet  the  varying  conditions,  from  small  to  great  velocities 
and  sections  of  stit^ams,  and  from  smooth  to  rough  sides 


B    •  r«i« 


•  r«fe  "  Hjdrsuiic  Tables,"  tnuis.  by  L.  D.  A.  J&cksoa.     Loudon,  1876. 
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and  beds  of  channels.    His  c  corresponds  to  r  ^,  as  herein 

employed.  He  divides  c,  introducing  a  factor  n  varying 
with  degrees  of  roughness  of  the  channel  and  a  factor 
m  -r-  i  covering  the  secondary  effect  upon  c  by  change  of 

a-i 1 — r 

velocity.   His  value  of  c  then  becomes  c  = 


'+(»+7)7; 


in  which  a,  Z,  and  m  are  constants  whose  values  he  derives 
from  experiment.     Then 

41.6  + 1:^11+:^^ 

c  = 


41.6  +  If  U-^'^' 
and         r  =  c^ri  =  —r      ".iHm\n_^^^       (1<^) 

Some  values  of  «  f«.»r  tliflFeivnt  rliannel  contours  are 
appn>xiiuatelr  as  follows,  viz.:  .niS  for  smooth  brickwork, 
.<»17  for  sm<x>th  rubMe.  A^20  for  siiu>oth.  clean  soil,  .025  for 
smoorh  s;uuly  gravel.  .O'SO  for  irravel  with  some  stones, 
.l»:C>  for  verv  nMiirh  chuMiU'ls. 

:^'i7.  ObsorviHl  Data  of  Flow  in  Chainnels.— 
\Vt»  dodm'»\  in  Table  74,  several  values  of  the  m  of  the 
Chezy  formula  fnnu  various  actual  measures,  covering  a 
\\ide  rauire  of  values  of  en^s-sei'tions,  r,  and  velocities  of 
How  !\  usiiiirdata  given  by  Messrs.  Humphneys  and  Abbott, 
K^iU  :  MM.  Parity  and  Bazin,  1865:  M.  Heinr.  GFerbenan, 
lSt>7  ;  and  in  sundry  reports  of  the  U.  S.  Engineer  Corps. 


TABLE 
Observed  ane 

Ut'  (--OkFFlL'lENTS   FUlt  CHANNELS.                 307 

TABLE     No.     74. 
CoupuTBD  Flows  im  Canals  aivd  Rirsitl, 

N....  o,  Stkam. 
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B. 

C. 

D. 

E. 
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"      328.  Table  of  Experimental  Flows,  and  Coef-         1 
Itrteuts. — The  following  experinienta,  in  Table  75,  quoted          1 
from  viirioua  sources,  give  valuable  djita  respecting  chiiii-          1 
nels  of  various  sizes  and  degrees  of  rouglmess,  including 
their  respective  values  of  i- 

1                        ^ 
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TABLE   No.   7B. 

EXPXRIMENTAL   DaTA*   OF   FlOW  IN   CHANNELS   OF   EaRTH. 

4 


Lbcalitf  and  Roof^^n 


Mill  Race,  loamy  soil. 

Creek 

Mill  Race,  sandy 

Landquart,  coarse  detritus 

Mill  Race 

Rhine,  detritus  and  coarse  gravel 

Hockenbach 

Visalia,  sandy  loam 

Mosa,  coarse  detritus 

Mill  Race 

Em  me,  coarse  detritus 

Plessur,  coarse  gravel 

Rhine,  detritus  and  coarse  gravel 

Lutschine,  coarse  detritus 

Mill    Race,  bed  fine  gravel   and 

earth 

Creek 

Spyerbac!> 

Chazilly  Canal,  earth  siony 

Grosbois  Canal,  some  vegetation 
Grosbois  Canal,  some  vegetation 
Giusbois  Canal,  muddy  surface. . 
Grosbois  Canal,  no  vegetation... 

Lauter  Canal,  earth 

Simme  Canal,  coarse  gravel. . . . 
Grosbois  Canal,  some  vegetation 

River  Izar,  coarse  gravel 

Saalach,  earth  and  detritus . 

Marmel  Canal,  gravel 

Canal 

Loch  Katrine,  some  vegetation. 

Canal  liu  Jard,  no  detritus 

S.uir<*,  coarse  detritus 

R6altorc,  muddy  bottom 

Rhine,  coarse  detritus 

HciKires.  sandy  gravel 

Tcssm,  gravel  and  stones 

Aar,  s  .me  detritus 

Limmoi,  irregular  bed 

Rivtrr  Lech    

Engstlinyen.  irregular  detritus. . 

Marseilles   Canal 

Salzach,  (ielritus 

C.  and  O.  Canal  Feeder,  rough.. 


Surface  '^^ 


Width. 


Feet. 


14.8 


13.00 

13.3 
13-5 
M  o 
15.7 
29.5 

•  •    •    • 

15.5 
153.0 

•  •    •    • 

•  •    •    • 

18 


19. 


'f3 


23 


Water. 


Feet, 
•69 

•  •   •    - 

•  •    •    • 

.86 

•  •  • . 

t . .  • 


•  • . . 


2.6 
2.7 
2.9 
2  9 
2.9 


3.1 
2.0 


4. 


.... 


4.5 


•    •    • 


Hjrd. 
Rad. 


Slopie 
ft.  in  1000. 


1 

,  Veloc.  . 
ft.  per      tod. 
sec. 


0.496 

.587 
.596 

.63 

.703 

.76 

.88 

.99 
.99 
.11 

>9 
.25 

•34 

.387 
.4O3 
.54 
.54 
:<> 
.71 
.71 
.7S 

.82 

.82 

.85 
.86 

.91 

2.31 

2.43 

2.525 

2.58 

2.70 

2.87 

2.92 

2.95 

2.962 

3.12 

3.16 

3  16 

3-31 
3.386 

3.53 
3- 70 


4.1 
1-3 
2.7 
100 
2.0 
14.20 
.7966 
.60 

11.875 
I 

5 

9.65 
7.735 
3  325 


1.255 
.607 
.4666 
.(>86 
.S42 

•515 

493 

2.75 
.604 

6. 5<i 

.330 
2  50 
1.242 
.500 
.0631 

.1578 
.0651 

3-333 

.43 
6.  CO 

.326 

.254 
1.270 

2.75 

1. 15 
22.2 

.333 

.94 

.6985 


Fett. 
2.109 

1.424 
1.934 
1.738 

2.199 
4.526 
1.463 

1.33 
3.867 

4.. 20 

3.51 
6.C02 

4.753 
3.214 


I. 
z. 
I. 

2 

r 

I 


139 
S24 
814 

.96 

.00 

•75 
6S 

47 
106 


1. 
4 

3 
2. 

I. 

I. 

I. 

4. 
2. 

4 


92 

41 
021 

^77 
263 

.'34 

.  7 1 2r 
.oC>9 

.559 

54 

lip 
063 
198 
346 

95 
856 

72 
48 
032 


46.8 
51.2 

4S.2 
31.9 

.53.7 

43-4 
55.26 

54-57 

35.7 

65.7 

45-4 

54-7 

47.0 

4S.0 

75  3 
5S.1 

(.767 

50 
55.0 

59 

^3 

66 

61 

45.1 
57.0 

59 
63 
664 

91.5 

2^6.69 

82.5 

48.1 
72.2 

31-9 
74.04 
6a6 
66.6 

57.4 

81.8 

32.6 

72.11 

6a3 

59.6 


*  From  Hering  and  Trautwine's  Tables,  and  other  sources. 


FLOW  OF  WATER  IN  OPEN   CHANNELS. 


308a 


TABLE    No.    7  6.— (Continued.) 

XPERIMENTAL   DaTA   OF   FlOW   IN    CHANNELS   OF   EaRTH. 


Locality  and  Roughneas. 


r  Canal,  gravel  and  detritus 

Main 

Canal,  gravel 

iv,  irregular  bed,  detritus.. 
»  CaMut,  ^arth  and  some 


es. 


Canal,  rough  bed,  smooth 


Haine,  no  detritus 

Salzacb. 

nuddy  bed  and  irregular. . . 

gravel  bed 

Anre 

r  Canal 

River  Canal 

Canal,  earth 

River 

River,  sandy  bed 

M.  and  1.  Canal 

zengraben,  earth 

uri  at  St.  Charles 

Canal,  bed  quite  smooth.. 

Canal,  bed   rather  uneven 

r 


-rden  Canal 

)e,  sandy  ^ed 

,  gravel  90id  fine  detritus. . 


and  and  mud.. 
I,  Plaquemine, 
I  La  Fuurche. . 

River , 

Nevka 


Surface 
Width 


/>#/. 


•    •    •    • 


II3.2 


21.3 

65.2 
50 


4". 3 


1073 


184.2 

174.9 

371 

243 


551 


268 
223 

321 

881 


nento 

d\  at  Saiktho 

isippi  at  New  Madrid.  .. 

;sippi  at  Fulton , 

;sippi  above  Vicksburgh. 


sippi  at  Carrolton  , 
isippi  at  Coluihbns, 


4820 
5420 
2463 

2507 
1218 
2369 
2214 


Depth 

of 
Waier. 


/->#/ 


5.3 
S 


8.5 


8.0 


9.7 
10 

13.12 
15 


24 

27 

9 
21 


49.0 

•   •   •   • 

40.0 

63 
50 
86 
88 


Hyd.  '       Slope 
Rad.    ft.  in  1000, 


3.76 

3-94 
4.00 

4.12 

4.35 

4.50 
4.92 
4.96 
5.02 
5.18 
5.50 
5.58 
5.63 
6.48 
6.72 

6.95 
7.232 

7.81 
8.05 

8.35 
S64 

944 
9.46 

9.48 
10.23 
II. S8 
12.11 
14.64 

14.9 
1532 

15.71 
5.96 

17.42 

17.87 

'9.93 

22.97 
24.06 

30.4 
31.16 

35.42 

60.7 

65.88 


/■/./<riooc 

3.00 

.40 

.80 

9.18 

1.85 

.291 

.1653 

.29 
.46 

.37 
.450 

.357 
.1S939 

.31 

.0933 
.150 

.37879 
.09 

.117 

.22 

.231 

.2 

.1306 

.140 

.224 

.04 

.307 
.04 

.1 

.14372 
.04468 
.1166 
.01457 

.075 
.05S 

.03874 

.124 

.01906 

.02227 

.01389 

.o<i97 
.068 


Veloc. 
ft.  per 
lec. 

V 


Ftet. 
6.986 

305 

4.264 

8.692 

5445 

2.82 
2.395 

3.51 
3.706 

374 
3.706 

2.6 

2.67 

4.152 

2.515 
3.01S 

4.70 

1.706 

3.10 

3.98 
3.98 
4.064 

3413 

3.37 
4  20 

2.25 

5.215 
2.369 

3.38 

3-95«^ 
.3.076 

2  773 
2.049 

3.33 
2.870 

3091 

3.681 

2.37 

3.523 

323 

3.38 

6.958 


Cocf. 


65.7 
76.7 

75.5 
44.7 

60.8 

78.8 
84.0 

92.3 
77.1 
85.4 
74.6 
60  23 

81.77 
92.6 

100.4 
93-2 
89.8 
64.6 

101. o 
92.8 
89.1 

93-2 
97.1 

92.5 

87.7 

102.3 

85.4 

98 

87.8 

84.4 
116.1 

105.2 

127.3 
91. 1 

83.71 
103.6 

67.4 

98.4 

133.8 

145.6 

139.3 
103.9 
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328a.  Classification  of  Channel  Contoara.— 1 

variation  in  the  coefficient  c,  as  shown  in.  Table  74,  w 
variation  of  channel  surface,  suggests  a  classification 
roughness  of  contours.  A  convenient  classificatioa  18 
follows : 

Lined  Channels. 

B.  Smoothed  Cement. 

D.  Planed  Wood,  length  of  grain  with  currentb 

G.  Smooth  Concrete. 

H.  Smooth  Brickwork. 

H.  Unplaned  Wood,  laid  across  the  eimeiit» 

I.    Smooth  Ashlar. 

I.    Ordinary  Brickwork. 

J.    Kough  Brickwork. 

K.  Smooth  Rubble  in  mortar. 

L.   Smooth  dry  Rubble. 

L,  Smooth  Rubble  sides,  regular  dean  soil  bed. 

M.  Ordinary  dry  Rubble. 

O.  Rough  Rubble. 

Channels  in  Earth. 

L.    Smooth,  clean  regular  Soil. 

M.  Smooth  sandv  Soil. 

N.  Smooth  Loam,  and  some  vegetation. 

N.  Cleau,  smooth,  sandy  gravel. 

O.   Regular  Soil,  and  some  vegetation. 

O.  Gravel. 

P.  Gravel,  with  some  stones  or  detrius. 

Q.  Irregular  Gravel,  and  some  vegetatioiL 

Q.  Irregular  Gnivel,  and  coarse  detriua. 

R.  Very  rough  bed. 


FORMULAS  FOR  CHANNELS. 


908D 


TAB  LE    No.    78a. 
Classified  Coefficients  Cy  for  Varying  r* 

For  about  three  feet  velocity. 


Hyd. 
Rad.    r 

A. 

B. 

C. 

D. 

E. 
89.0 

F. 

G. 

H. 

L 

»5 

100  0 

97  8 

94.0 

91.8 

86.7 

84.0 

81. a 

II.-, 

•5 

1          W2.8 

ItQ.O 

112.0 

109.3 

107.0 

104.5 

100. 0 

96.7 

75 

1       13^.0 

I3X.6 

124.0 

121.2 

118  4 

116.0 

110.7 

107.2 

98.0 

l.OO 

146.0 

141.4 

133.0 

130   0 

127.0 

124.0 

119. 0 

115. 0 

105.0 

l.as 

>54   S 

149.8 

140.4 

»37  4 

X34  4 

131.0 

125.7 

122.0 

11 1. a 

I    so 

162. 0 

'56.5 

147.0 

M3  6 

J40.7 

137  0 

Taa.o 

127.3 

1 16  3 

J    75 

168  3 

162    7 

«53o 
158.2 

>49  4 

146  2 

142.6 

136.8 

t3»-1 

131  .0 

a  oo 

174  0 

168    3 

•54  6 

151 .0 

147  8 

141.5 

'36.7 

125.0 
X28.7 

a  25 

17J  0 

173-2 
178.0 

163.0 

X59-2 

15   .6 

15a  2 

145.6 

140.7 

a.  «.o 

i8^  < 

»6'7.3 

163.4 

159.6 

156  2 

»49  5 

"44. S 

132  0 

9-7-. 

187.8 

183   3 

i7«-3 

167.5 

163  5 

160  0 

»53t 

148.0 

»35t 

3-"o 

192.0 

186. a 

•75  0 

171    7 

167  0 

163  4 

156.5 

151.4 

138.3 

3^5 

xq6  0 

190.0 

178.5 

174  6 

170.6 

166.6 

»59  7 

'54. 3 

141.0 

3  50 

»90.7 

191. 5 

182.0 

it8  0 

»73-8 

170.0 

162.8 

'57- » 

«4|  7 
146. • 

3  75 

203  1 

196  7 

185.1 

181 .0 

176.8 

172.8 

165  5 

«59.8 

4.00 

206.5 

300.0 

188.0 

l8^8 

'79-5 

175-6 

168. a 

162.4 

148. $ 

4-5 

214.0 

205.5 

»93"9 

189.3 

185.0 

180.8 

»73-3 

167.2 

«53« 

5.0 

218.5 

210.8 

19S  q 

>94  4 

190.0 

185.6 

178.0 

171.8 

157.1 

5  5 

22^    7 

215.6 

20^  7 

199  I 

»94  5 

190  1 

182.3 

176.0 

160.9 

6.0 

228.5 

220.0 

2»>8.0 

203  5 

198.8 

194.3 

186. a 

170.0 

164  3 

6.5 

233    ^ 

224    4 

212.3 

207.5 

?oa  8 

»98  3 

190  0 

183.7 

167.7 

70 

337  5 

278.4 

216. a 

211  4 

206.4 

ao2  1 

»93  5 

187.0 

170  7 

7  5 

24«   5 

232.0 

230.0 

315.0 

ato  0 

205.6 

196.8 

190.4 

173-6 

8.0 

ns-s 

235  5 

223.0 

218  4 

213.5 

209.0 

900. 0 

»93.4 

176.5 

9.0 

25  <  1 

245.6 

2?o.7 

225.5 

220.0 

215. '> 

ao6  6 

199.0 

182.0 

lo-o 

a(<i>.4 

251 .6 

236.5 

231 .2 

226.0 

220  5 

aia.o 

204.5 

186.6 

A  chissiiication  of  the  surfaces  for  roughness  as  above 
leads  to  a  classification  of  the  coefficients  c,  as  in  Table  75a, 
applicable  to  the  same  classes  of  contours,  in  the  formnla 
for  velocity: 


m 


.*^28b.  Formulas  for  Channels. — The  classified  co- 
riiicients,  c  =  y  —  of  Table  Iba.    illustrated  in  the  Di- 

Vh 

:i;rnim,  page  BOO,  for  medium  velocities,  may  be  used  in 
formulas  of  the  Chezy  form  and  its  transi)ositions,  viz-: — 


«  =  4^.x/^^;=/?^X|/W=?^=ci^.    (106) 

CI  m  ml  ^      ' 


m 


and    t  =  7i —  =  -jZ' 

2gr      (fr 


(10c) 
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TABL.E    No.    7  B  &  .-(ConUnued.) 
Classified  Coefficients  e,  for  Varyimo  r. 


.a". 

J- 

..         u 

„. 

N. 

0. 

P. 

fl. 

R. 

■If 

I.JO 

3.00 

1;I 

i:i 

S:! 

ill 
;3:| 

»B.fi 

•£■% 

97!!              ■•!a 

Si    K 

109.4              91  4 

i«!    .1"' 

i|:  ■  i|; 

1'  '  ;*'■' 
■  Zi  '  '.r. 

3«.o 

Si:| 

;i:i 
S 

li 

■li 

li 
1 
'i 

i 
ill 

M' 

is! 

li 

;  s 

u  0 

.:! 

Gi.t 

li 

ii 

B5-6 

•     9».o 

|:j 

li 
i;i 

li 

1 
i; 

3:i 

ii: 

1 

si:* 
»:! 

B 

1 

ii 
li 

Tlif  coefficients  c,  in  each  class,  increase  slightly  in  value 
as  velocities  increase  fi-oni  three  feet  i>er  second  and  de- 
crease more  Kipidly  as  velocities  decrease  from  three  feet 
per  second. 

The  tiible  and  diagnnn  of  c  present  attempts  to  harmon- 
ize snch  data  of  flow  of  streams  as  are  iiciw  avaiUUde.  The 
reconls  indicate  tliat  methods  of  measui-ement  of  flow 
wei-e  vaiied  and  tliat  they  often  hicked  the  precision  neces- 
sary for  proi>er  analysis. 


•  I 


1 

» 

Jo 
to 
So 

eo 

■K 

«I 

ac 
/oo 

110 

lio 
ISO 

lie 
m 

m 

V      fs    sm 

::X 

lAlf 

nf 

^« 

>.^a 

dr 

ill: 

'rsl 

nif 

iiil 

li'. . 

TTii" 

tr*- 

it?f 

iiii 

:* 

~S-" 

fe 

-^^^ 

iB. 

;:H 

% 

■^; 

T?Tr 

iii: 

TTir 

iiU 

::K 

^' 

itff 

:TTr 

iii; 

;;<\ 

m 

■.;^ 

ttij 

ii*^ 

iiii 

'•::;  i 

:;& 

■i^i; 

:r?Ji 

Ih* 

fRi  1' 

iil 

M 

s^^ 

-^i 

ili: 

<li! 

;;| 

m 

;;•> 

iiil 

TvH- 

<;:; 

"" 

]!Tr 

-iH".   ; 

i;;| 

v;: 

\:-; 

^ 

^fHi 

4ii 

::::  j 

i^ 

^ 

;;x 

X:: 

::>^ 

^tlT 

r, : : 

i"^^ 

\\: 

-q:; 

•  >>< 

<i:: 

■^: 

yX.* 

, /N- 

<:'"*' 

.... 

9  ■■ 

f 

^ 

x;; 

ih* 

tiii 

•::: 

iii; 

i>^ 

XH; 

X: 

r::: 

;:T> 

^ 

■W 

N" 

k^..' 

<i- 

.... 

:;:; 

;>^ 

>K> 

kjSI 

t^ 

■iiii. 

i-;'^ 

-s% 

^ife 

Sg 

^ 

■iii:. 

Tiii 
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Exponential  formulas,  giving  approximate  velocities  in 
channels  of  the  different  classes  of  roughness  as  abore 
classified  in  §32Sa  are  as  follows  : 

Class  A.  V  =  146.(r^ »/)•*.           Class  J.  v  =  94.(r^»i)». 

B.  t;  =  141.6(r^H')*.  K,  v-  8B.{r'hy\ 

C.  v  =  183.(r»•*^>^  L.  v  =  71.{r''^t)'\ 

D.  vz=  13O.(r^»0-\  M.  v  =  62.{t''H)\ 
K  v  =  127.{r'H)\  N.  v  =  BB.{r''hy\ 
F.  v  =  124.  (r^»/)».  O.  V  =  46.  {r'  H)\ 
Gt.  v  =  119,(r''Hy\  P.  V  =  39,{r''H)'\ 
H.  V  =' n5,{r''Hy\  Q.  v  =z  30.{r''Hy\ 

I.     v  =  105.{r\Hy\  R.     t;  =  24,{r'-Hy\ 

In  which  v  =  velocity  in  feet  per  second,  i  =  head  in 
feet  divided  by  length  in  feet,  and  r  =  hydraulic  radius 
equal  section  divide  by  contour. 

3^9.   Various  Formulas  of  Flow   Compared. — 

To  compare  the  simple  formula,  having  its  variable  m,  or 
c  with  some  of  the  more  complex  formulas,  in  the  forms  in 
which  they  are  generally  quoted  in  text-books  and  cyclo- 
pedias, four  experiments  are  taken  from  Table  No.  74, 
having  their  hydraulic  mean  depths  ^nd  sectional  areas  of 
mean,  minimum,  and  maximum  values,  and  their  velocities 
are  computed  by  it.  Tlie  velocities  are  then  computed  by 
well-known  formulas  uj)on  the  same  data.  The  results  are 
given  in  the  following  Table  No.  76. 
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TABLE     No.    76. 
Formulas  for  Flow  of  Water  in  Channels,  to  find  the  VELOcm 

Comparing  results  given  by  the  several  formulas. 


AUTHORITV« 


Bq-(9)<l334. 
Du  Buat 


Formulas. 


88.51  i^  —  •03) 


(-i-)*-hyp.log.  (L+1.6)* 
Bytelwein  ...    »  =  (8975-  43'*'  +  -oi  1589)*  —  .1089. ... 

Glrard i  v  =  (10567.8^  +  a.67)*  — 1.64 

I                                         1 
V  =  (io6o7.oar/  +  .0556)"  —  .136 


-.o84(r*-.03) 


Prony 

D'Aubuisson.    v  =  (8070.5^  -i-  .012)*  — .109 

Neville 


V  =  140  (rf)^  —  II  {rty. 


Pole 


.      .  I  100  l/r 

LesUe v= ;=-   

v=  I  xocxx>  —  it a.X5« 

Beardmore...|  r  =  100  \  ri  2.X5X 

Darcy  .  and  t'  ^  =  ^  |        J°^?^  li ]  ,.^^ 

Ba/in.       )  (  08534^  +  .35  ) 

M.  Haucn....    v=  4.39  \'r(i)^ ^  1.237 


« 

• 

■4- 

• 

ac  > 

X    : 

** 

n 

Fbbob 

HAZILL 

Lautb 
Canai 

• 

i 
St 

0 

-„ 

. 

— ^ 

Cam- 

Com- 

Cfim- 

c» 

/mUif  /M/A/j  ^tfJ  pntii 

vtloc. 

x^ioc.' 

veioc. 

r*Uc 

im/t. 

in/t. 

in  ft. 

iu/L 

per 

Mr 

Mr 

P*r 

S€Cm 

see. 

sec. 

itC, 

3.697  I  8.41 1    ai43 

i  . 

1 
3.X84  ,  2.44a   a^jSs 

a.989  j  1,572    1.517 


0.966     Z.934  I  2.107    3.145 
Z.9S9 

1.93a 
1.Z09 
Z.969 
X.932 
a.z6i 
a.Z5i 


3-3S« 
3.184 


a-54S    ^4:9 


a-435    »4»* 


3.695     2.778    3.706 


3.338  '  2.691    tJbKl 


3438 


3.438 
a.o86 


I 


a.691  %AKf 
8.691  a.6t7 
a  z66  :  3.582 


X.747    a.3St>    y^ 

I  I  I 


♦  Ffkdfr  Chazii.lv.  Area,  11.3  stj.  ft.  Hydraulir  mean  depth,  t.04.  IncUnation,  ^000445. 
Ob  crvcd  vi-locity,  <v(/-2  ft. 

^  l.MiKK  Canm..  Art-a,  5^.4  sq.  ft.  I!y<'.raiili«  mean  depth,  x.8a.  Inclination,  .oox«4- 
ObstTVi-d  vclmity,  a. 106  ft. 

X  Skink.     Area,  1978  sq.  ft.      llydn.ulij-  int.sn  «Upth,  5.7«>.      Inclination,  .000x87.      Obsoml 

veliKrity,  a. 094  ft. 

i  B.  La  F"»i  kchk.  Area,  3738  sq.  ft.  Hyilraulic  mean  depth,  15.7.  Incllnati<»n,  .o»n44. 
t)bservtxl  velocity,  3.070  ft. 
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h  In  the  preceding  table,  the  symbols  iu  the  formulas  hava 
Mues  as  follows : 

=  hydraulic  mean  depth,  in  feet. 
=  inclination  of  surface  in  straight  cliannel,  in  feet 
I  =  length,  in  feet. 
h'  =  head,  or  tall  in  the  given  h*ngth,  in  feet 
S=  sectional  area  of  stream,  in  square  feet 
C=  wetted  solid  perimeter,  in  feet. 

V  =  mean  vdocitv  of  stream,  in  feet  per  second. 

In  the  Hamphreys  and  Abbott  formula,   the  symbol! 
have  values  as  follows ; 

a  =  sectional  area  of  stream,  in  square  feet 

ft  =  a  function  of  depth  =  — -' 

Vr  +  1.5 
p  =  wetted  perimeter. 
r  =  mean  hydraulic  depth. 

i  —  inclination  of  surface  of  stream,  corrected  for  bends, 
W  =  width  of  stream. 
x'  =  value  of  first  term  in  the  expression  for  v. 

V  =  mean  velocity  of  stream. 

330.  VoloeltieH  of  Given  Films Since  the  cliief 

source  of  resistance  to  flow  aiises  from  the  reactions  at  the 
pi?]imeter  of  the  stream,  along  tlie  bottom  and  sides.  A,  B, 
B',  A',  Fig.  51,  and  iu  a  small  degree  along  the  surface 
A,  A',  in  contact  with  the  air,  it  is  evident  that  the  pointa 
of  minimum  velocity  will  be  along  the  solid  perimeter,  and 
tlie  point  of  maximum  velocity  will  be  that  least  influenced 
by  the  resultant  of  all  retarding  influences.  In  a  channel 
of  symmetrical  section,  the  point  of  maximum  veloci^ 
should  be.  according  to  the  above  hypothesis,  on  a  vertical 
line  passing  through  the  centre  of  the  section  and  a  little 
Bl£<^ow  the  water  suJ'face,  provided  the  surface  was  unin* 


^ 
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fluenced  by  wind.  The  velocity  measoiements  of  Daiej 
and  Bazin*  with  an  improved  ^Pitot"  Tube,  locate  thf 
thread  of  maximnm  velocity  in  a  trapezoidal  channel,  at  a 
Fig.  51 ;  a  nearly  concentric  film  of  lesser  velocity  at  6,  and 
other  films,  decreasing  r^olarly  in  velocity,  at  c,  c2,  f,  /, 
and  g. 

If  the  velocities,  at  the  depths  at  which  the  given  films 
cross  a  vertical  centre  line,  are  plotted  as  ordinates  from  a 
vertical  line,  as  at  a,  6,  c,  etc.,  Pig.  52,  their  extremities  will 
lie  in  a  parabolic  curve,  and  the  d^ree  of  curvature  i^^ill  be 
less  or  greater  as  the  velocity  is  less  or  greater,  and  as  the 
bottom  is  smoother  or  rougher,  for  the  given  section. 
Velocity  ordinates,  plotted  in  the  same  manner  for  anj 
horizontal  section,  as  in  the  sur&ce,  or  through  &,  a,  &,  c; 
etc..  Fig.  61,  will  also  liave  their  extremities  from  shore 
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nearly  to  the  centre  in  parabolic  curves,  the  longest  ordi- 
nate being  near  the  centre  of  breadth  of  the  canal,  and  the 
two  side  pai'abolas  being  connected  by  a  curve  more  or  less 
flat,  according  to  breadth  of  canal.  In  Fig.  51,  d  indicates 
the  film  of  mean  velocity,  and  it  cuts  the  central  vertical  line 
at  nearly  tlinnvfourths  the  depth  from  the  surface.  In 
deep  streams,  or  chaimels  in  eartli,  it  is  usually  a  little 
below  thr»  centre  of  depth. 

*  Tome  XIX  des  Memoires  presentes  par  divers  Savants  4  I'liMiitut  Iiiip» 
lUL  de  Frana*.  Plaiichc  -L 
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331.  Sur&CG  VeIocltieH.--The  velocity  of  tlie  centre 
of  the  eurt'ace,  iii  symmeti-iral  channels,  or  of  the  mid- 
cbaunel  in  uiiaymmetriciii  sections,  is  that  most  readily 
obtainable;  by  simple  experiment. 

For  Boch  velocity  observations  a  given  length,  say  one 
hnndred  feet  of  the  smoothest  aud  most  symmetrical 
straight  channel  accessible  is  marked  off  by  stations  on 
botli  banks,  and  a  wire  stretclied  across  at  eacli  end  at 
right  angles  to  the  axis  of  the  channel.  Thin  cylindrical 
Uoats  are  then  pnt  in  the  centre  of  the  stream  a  slinrt  dis- 
tance above  the  upper  wire,  by  an  assistant,  and  the  time 
of  their  passing  each  wire  accurately  noted. 

A  transit  instrument  at  eacli  end  station  is  requisite  for 
very  close  observations.  A  small  gong-beU,  on  a  stand  or 
post  beside  the  transit,  is  to  be  struck  by  tlie  obsener  the 
instant  the  centre  of  the  float  passes  tlie  cross-liair,  or  a 
signal  is  to  be  transmitted  by  an  electric  current,  and  tlie 
time,  noted  to  the  nearest  quarter-second  by  a  skillful 
assistant,  is  to  be  recoi-ded. 

Tlie  floats  are  sometimes  of  wax,  weighted  until  its 
specific  gravity^  is  near  unitj- ;  sometimes  a  short,  thick  vial, 
corked,  and  containing  a  few  shot  or  pebbles ;  and  some- 
times a  tbin  slice  of  wood  cut  from  a  turned  cylinder,  which 
for  small  channels  may  bo  two  inches  diameter.  For  large 
rivers,  the  float  may  be  a  short  keg,  with  both  heads  in 
place,  and  weighted  with  gravel  stones.  The  float  is  to  be 
loaded  so  its  toj)  end  Mill  be  just  above  the  surl'ace  of  the 
water.  In  broad  streams,  a  small  flag  may  be  placed  in  the 
centre  of  the  float. 

K  a  number  of  floats  are  started  simultaneously  at 
known  distanc€^  on  each  side  of  the  axis  of  the  channel, 
they  should  have  each  a  special  color-mark  or  conspieuoui 
fla^  number,  t^o  that  the  time  and  distance  from  axis,  at 
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each  station,  may  be  correctly  noted  for  each  individiisi 
float, 

Du  Boat  niffvle  exp«iment8  with  small  rectangular  and 
Irapezdidal  cliannela  of  plauk,  141  feet  long  and  about 
18  im-lieii  wide,  with  depths  from  .17  to  .895  feet,  and  veloo- 
itjes  from  .524  to  4.96  feet,  to  determine  the  ratio  of  the 
mean  velocity  v  of  the  channel  section  to  its  central  snr&oa 
velocity,  y.  From  thi^  mean  reanlta  he  deduced  the  empi^ 
ical  formula  of  itiejin  velocity, 

r  =  (V  T—  .15)'  +  .02238.  (1^ 

This  gives,  wlieii  T'ia  tikeu  as  nnity, 

1)  ~-  .745  r, 

Prony  afterwards,  revie-^ing  flie  same  experimental  r» 
suits,  proposed  the  formula. 


i)  =  r 


7.rP2\ 
10.345/ 


(12) 


Ximenetf  experiments  upon  the  River  Amo,  Raucort?* 
upon  the  Neva,  Pimk's  upon  the  Wesser,  Defontaines  aiid 
Briinning's  upon  the  Rhine,  on  larger  scales,  gave  meaB 
velocities  in  a  vertical  line  at  tho  centre  equal  to  .916  V, 
whicli  being  the  maximum  velocity  in  its  horizontal  plane,' 
indicates,  if  the  reduction  of  velocity  toward  the  shore  ii 
considered,  an  approximate  mean  velocity, 

B  =  .915  (.915  F)  =  .837  F  (« 

Mr.  Francis'  experiments  in  a  smooth,  rectangular  chao- 
nel,  witli  si^ction  about  10  feet  broad  and  8  feet  deep,  i 
Telocity  of  4  feet  per  second,  indicates 

V  =  .911 V.  (M 

In  the  Mississippi   River,  witl-   depths  exoeedinp  on« 
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nclred  feet,  Messrs.  HumpUreyB  aud  Abbott  oc-casloiially 
build  r  gi-eater  than  1^. 

TIk?  OaiigfS  Caual  experiments  at  Roorkee,  in  ISTfi,  bj 
bjtt,  Cuiniingtiani,  R.  E.,  in  a  i-ectaugular  sei'tion  ii  fet't 
lep  and  85  feet  wide,  gave  the  T/ieaa  surface  velocity 
^ual  to  .9277: 

In  any  series  of  rectangular  channels  of  like  cfinstant 
ictional  areas  or  of  like  constant  borders,  it  is  seen,  by 
jiple  niathcmatical  demonstrations,  tliat  tlie  hydravlio 

Tn^aii  depth  —  ^,  is  at  its  maximam  wlien  tlio  breadth 
equals  twice  the  deptli.*  Since  Uie  velocity  of  flow  in  a 
series  of  rectangular  channels  is  nearly  proportional  to  the 
eqnaii"  rtjots  of  their  hydraulic  mean  deptlis,  it  follows  that 
the  ])roi)oitionB  of  such  cliannels  most  favorable  for  high 
velocities  is  breadtli  equal  twice  depth. 

Tliese  proi)ortion3  of  breadtli  to  depth  being  adopttHi 
again  for  another  series  of  rectangular  channels  of  varying 
section,  the  velocities  will  a^ain  be  sensibly  propoitional  to 
the  square  roots  of  their  hydninlic  mean  depths. 

The  ratio  of  r  to  F  should  be  at  its  maximum  when 
breadtli  equals  twice  the  depth,  and  wlien  the  section  is  the 
maximum  of  the  given  series. 

;«a.  Katioa  of  Surface  to  Mean  Vclotitiei*.— Let 
d  =  depth  and  b  ~  bi-eadth  of  rectangular  channels,  then 
letting  depth  be  unit//  for  a  depth  of  8  feet  and  approxi- 
mately between  6  and  12  feet,  and  we  shall  have,  according 
to  the  various  recorded  experiments,  api)roximate  values 
of  the  mean  velocity  v  of  flow  in  the  channel,  as  compared 
with  the  cential  surface  velocity  V,  as  follows,  for  smooth 
channels : 


I  •  The  i 


*  The  influence  o[  Bectlnna)  pmflle  upon  flow  ie  eltboraUlj  dinruBsed  by 
ulng.  in  EluinentB  of  Practical  Hydraulica.  p.  904,  et  nq.    (LodcIod,  ISTS.)' 
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b  =    2d 

then 

!>  =  .020  r 

b  =    -id 

»  =  .910 F 

b  =    Id 

!>  =  .896 1' 

b  ^    Bd 

0  =  .682  F 

i  =    M 

B  =  .864  F 

b=    7d 

t>  =  .847  F 

b=    Sd 

!)  =  .826  F 

b  =    9d 

!>  =  .804F 

i  =  lOd 

V  =  .780  r 

116) 


The  values  of  v  should  be  slighOy  lees  for  trapesoidal 
Canals  of  equal  sections,  decreasing  as  the  Bide  slope's  an- 
flattened.  Tile  values  of  v  will  decn^ase  also  as  tlie  bottdiu 
and  sides  increase  in  raughness.  The  wind  may  enhani'^- 
or  retard  the  surface  motioD,  and  thus  affect  the  Dtean 
velocity. 

Since  inclination  of  water  surface,  section  of  stream, 
hydraulic  mean  depth,  and  roughness  of  bottom  and  side, 
all  affect  the  iinal  result  of  flow,  it  is  evident  that  experi- 
ence and  good  judgment  will  aid  uiati'rially  in  the  selection 
o'  the  proper  ratio  of  v  to  V.  A  mi8ai>p]icatioii  of  formulw 
that  are  valuable  wlien  judiciously  used,  may  lead  to  gross 
errors;  as,  for  instance,  Pi-ony's  formula,  drduced  from 
exj>eriraeuts  «ith  Du  Buat's  small  canal,  gave  result  fiftDea 
per  cent,  fflo  small  when  tested  by  the  flow  in  the  Lowdl 
flume,  10  feet  wide  and  8  feet  deep,  where  the  volume  was 
proved  by  tube  floats  and  weir  measurements  at  the  same 
time. 

833.  Hydrometer  Gn uk' "fff*.  ^  When  opportunity 
offers,  the  mean  velocity  for  the  wliole  depth  should  Im> 
measured,  and  thus  some  of  the  unceilainties  accompany- 
ing surface  measures  be  eliminated.  ,\mong  the  most 
reliable  hydrometers  that  have  been  nsi-d  for  this  purjKwe 
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k  canals  and  the  smaller  riverB  maj  be  ntentioned,  tin  tiAet 
f  lengtli  nearly  equal  to  the  depth  of  the  stream ;  improved 
'  I*itot  tubes i"  aud  ^'^Woltrmtnn  (ucIioiiicteTs" 

IVM.  Tube  <jJaug:e.— When  the  velocity  meaaurementa 
are  to  be  taken  with  Francis'  tubes  or  Ki-ayenhoflF  poles, 
Fig  53,  a  straight  section  of  the  stream  is  chosen,  with 
Binooth  symmetrical  channel,  clear  of  weeds  and  obstruc- 
tions. A  lengtli  of  one  hundred  or  more  leet.  according  to 
circumstances,  ie  marked  oflF  by  stations  at  each  end  on 
eacli  bank,  located  so  aa  to  marii  lines  at  right  angles  to  the 
axis  of  the  stream.  A  steel  measuring  citain,  or  wire  with 
marks  at  eqiial  intervals,  is  tlien  to  be  stret^lied  across  at 
each  end.  The  depths  are  then  to  be  taken  across  the  stream 
at  each  end,  and  at  the  centre  if  tlie  banks  are  warped,  at 
known  intervals  of  a  few  feet,  accord- 
ing to  the  formation  of  the  banks  and  „  

bottom  of  the  stream,  so  that  the  sec-      ^^^^^3|^^^^^ 
tional  area  of  the  stream   shall  be      "~  ~.r^ft.— .— t 
accurately  known,  and  may  be  plot-  I  »— ♦ 

ted.    The  soundings  are  all  to  refer  I 

to  the  same  datum  previously  estab-  ■ 

lisbed,  and  referred  to  a  permanent 

bencli   mark  on  the  shore,   whicli  will   greutly  facilitate 

future  observations  or  verifications  at  the  same  point. 

The  requisite  number  of  tight  tin  tubes,  of  say  two 
inches  diamet^-r,*  are  then  to  be  prepai'eti,  one  lor  the  axis 
of  the  stream,  and  others  for  sliort  successive  intervals  on 
each  side  of  the  axis,  all  to  be  duly  nuraberi'd  for  their 
respective  positions.  The  length  of  each  is  to  be  such  that 
it  wilt  Hoat  just  clear  of  the  bottom,  and  extend  to  a  little 
above  the  water  surface,     Tlie  tube  is  to  be  l(»aded  at  one 

*  Tnbee  40  fvei  lnu^.  3  iiiclivs  diaiiii^tiT,  i[jH(le  up  iu  sti^liuue,  liave  be«u 
Mad  bj  tbe  Dulted  BUtee  Cutmt  Fiir>'ev  SUIT. 
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end  with  fine  shot  or  aand,  unti]  it  has  the  prop»-  snti- 
mei;geHC«  iu  a  veKical  position,  .93  to  .95  depth. 

The  sevenil  tabes  are  to  be  started  by  nign«l ,  simaltEB» 
OBs\y  if  possible,  from  a  short  distance  above  Uie  upper  eod 
station,  so  that  they  may  cross  the  upper  station  as  nearif 
as  possible  at  the  same  instant.  Their  arrivals  at  the  Iowa 
stations  are  to  be  carefoUy  noted,  and  the  time  of  transit  ot 
each  recorded. 

When  the  experiment  has  been  several  times  repeated 
the  central  and  other  tnbes  may  be  passed  down  singly,  ij 
the  volume  of  the  stream  still  remains  eoDstaut,  to  verily  the 
first  observations.  In  tlie  last  obsen'ations,  transits  niaj 
conveniently  be  used  to  observe  the  passage  by  the  statioiii^ 
as  suggested  above  for  observing  surface  fioat& 

Suppose  the  sti-eain  to  be  divided  transversely  into  seve^ 
sections,  as  in  Fig.  64,  then  tubes  1,  2. 3,  etc.,  may  be  starte^^ 


Xf±ii±i±fti3 


in  the  centres  of  their  respective  sections.  The  d^ree  of 
accuracy  with  which  they  will  move  along  their  intended 
courses  will  depend  upon  the  symmetrical  i-egiilarity  ot 
flow,  and  very  much  upon  the  regularity  of  the  side  banks, 
and  several  trials  may  be  necessary  to  get  satisfactory 
side  and  even  central  measurements,  since  a  slight  obstmc 
tion,  or  a  stray  boulder  upon  the  bottom,  may  distort  tbt 
fluid  threads  in  an  unaccountable  manner.  The  side  floata 
have  also  a  tendency  away  from  sliore. 

The  mean  area  of  each  of  the  sub-sections  being  known, 
and  the  mean  velocity  through  each  being  ascertatnedt 
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their  product  gives  the  volnme  tiowing  throngli,  ami  the 
Bum  ul'  volumes  of  the  sub-section  gives  the  volume  tVir  the 
irliole  section. 

■  '  When  streams  are  in  the  least  liable  to  fluctuations  fi-om 
tlie  opening  or  closing  of  sluices  above,  or  the  opening  or 
closing  of  tui'bine  gates  wlien  the  stream  is  used  for  hy- 
draulic jMJwer,  a  hook-gauge  (Fig.  48),  should  be  placed 
over  the  axis  of  the  sti-eam  where  the  usual  vibmtion  of 
surface  is  least,  to  watch  for  such  tiuctuationa,  since  a  valu- 
ation in  the  niean  level  of  tlie  water  surface  one-hundredth 
of  a  foot  will  appreciably  affect  the  velocity  and  volume  of 
flow.  If  the  tubes  have  much  clearaiice  they  will  not  be 
influenced  by  the  films  of  slowest  velocity  next  the  bottom, 
A  clearance  of  six  inches  in  a  rectangular  flume  eight  feet 
deep,  may  give  an  excess  of  thi-ee  per  cent,  of  velocity. 
Tlie  cross-section  deptlis,  in  canals  and  shallow  streams, 
may  be  taken  with  a  graduated  sounding-rod  having  a  flat 
disk  of  tlin-e  or  four  inches  diameter  at  its  foot,  and  in  dt-ep 
streams  by  a  measuring-chain  with  a  sufficient  weight  ujton 
its  foot  to  maintain  it  stiaight  UTid  veitical  in  the  current. 
A  good  level  instrument  and  level  stafl"  an?  requisite)  how- 
ever, for  accurate  work. 

In  broad  streams  the  transverse  stations  may  be  located 
trigonometrically  by  two  transits  placed  at  the  extremities 
of  a  carefully  measured  base  line  upon  the  shore. 

335.  Gaii^e  Fonimlas. — The  volume  of  flow  through 
the  mean  traut^verse  section  {Pig.  54)  is  required. 

Let  s  be  the  established  length,  or  distance  between  the 
longitudinal  end  stations,  and  t,tj^.  .  .  .  i,.  the  time/t  occu- 
pied by  the  several  tubes  in  jiassiug  along  their  respective 
couises  between  end  stations ;  then  the  mean  velocities  in 
the  respective  sub-sections  will  be 
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Let  the  traoByene  breadths  of  the 
"      •*    mean  deptlis  *    " 

"      **     meaD  yelodtiea  in         " 
*      *        ••     yolumea  of  flow  in 


bfloctiomi  be,  •«  a«  #»..••  ^ 
**    <f  A  <f  a  <f  a  .  • .  •  dL. 

•j    •>    Vg  •    ■   •   •   ♦iL 
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Then  the  whole  sectional  area  in  square  feet^  i^  of  flw 
stream  is, 

S  =  ai.di  +  dt.dz  +  (h'^  +  ••••^•€^9      (18) 
and  the  whole  volume  in  cubic  feet,  Q^  is 

Q  =  (ai . d,)  vi -f  (^2 . ^) «?«  +  (a3-^.)t;s  +  ...(Oto.djt;,;  (17) 
and  the  mean  velocity  in  feet  per  second,  v^  of  the  whole 
section  is, 

t;  =  |-  (18) 

The  summary  of  field  notes,  begiiming  at  a  on  the  left 
shore,  is : 


Breadths  of  sul>-sections 
Mean  tjepths  of      ** 
Mean  velocities  in  the  * 
sub-sections f 


Fret. 


Feet. 


'a,  16.45  a,  90.00 
'</i  4'»5  ''a  9'74 
r.     a.as  r,     3.80 


Volume  in  the  sub-sec- 
lions . 


■sec-  \ 

■  •  •  •    J 


Cu,  ft. 


Cm.  ft. 


9 1   179-5  y»  740.2 


Feet. 

Fket, 

Feet. 

Feet. 

Feet. 

a,  •4.85  a«  3a.oo 
</,  I'i.yjd^  15.68 

««  a6.8o 
</,    9.71 

a,  i8.B4 
''t     4-79 

f,    4.6a,  9«     5.00 

p,     4.65 

"•     3-75 

Vf     3.00 

Cm.  ft.    Cn./t. 

Cu./i. 

Cm.  ft. 

Cm.  ft. 

fs  1420.2 

q.  2508.8 

y«X7«7-4 

9*  975.8 

/»   «74.7 

f=a 


The  sum  of  the  several  products  of  breadth  into  depth  is 
8  =  1800.675  square  feet. 

Tlie  sum  of  the  several  volumes  is Q  =  7716.73 

Tlie  mean  velocity  for  the  whole  section  is  ^  =  tbt^-^s^ 
=  V  =  4.285  feet  per  second. 

If  the  tubes  have  several  inches  clearance  at  the  bot- 
tom, a  slight  reduction,  say  two  and  a  half  per  cent,  from 
the  computed  velocity  and  volume  are  to  be  made,  to  com- 
pensate therefor. 

336.  Pitot  Tube  Gauge-— The  Pitot  tube  has  been 

« 

used  with  a  tolerable  degree  of  success  in  many  experi- 
ments upon  a  small  scale.    In  its  best  simple  form  it  baa 
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been  constructed  of  glass  tnbing  swelled  into  a  bulb  near 
">ne  ond,  and  with  tube  of  smaller  diameter  below  tbe  bulb 
bent  at  a  right  aagle,  and  terminated  with  an  expanded 
xumpet-mouth,  as  in  Fig,  66. 

For  deep  meaaures  the  mouth  and  bulb  and  a  con- 
venient part  of  the  tube  may  be  of  copper,  that  part  whicb 
B  to  project  above  the  surface 
)f  tlie  wat<?r  being  of  glass,  and 
:he  whole  instrument  may  be  at- 
ached  to  a  vertical  rod,  whicli 
■estft  on  the  bottom,  bo  as  to  be 
(lid  up  and  down  on  the  rod  to 
he  heights  of  the  several  films 
vlifise  velocities  are  required. 

When  in  use,  the  bulb  and 
iibe  are  to  be  held  vertically,      •'"  ■-  — •-■  ■"-"i™-.---^"-*™—- -"i 
ind  the  small  trumpet-moutlied 

»ection  exposed  lionzoutally  to  the  current  so  as  to  receive 
Is  maximum  force  into  the  mouth. 

The  object  of  the  expandf^d  bulb  and  contraction  below 
the  bulb  is  to  I'educe  oscillation  of  the  water  within  tlie  tube 
to  a  minimum. 

Theoretically  the  impulse  of  the  current,  acting  as  pres- 
jure  on  the  water  within  the  tube,  should  raise  the  surface 

!)f  the  water  within, 
surfact;. 

But  owing  to  i-eactions  from  several  parts  of  the  tube, 
the  entire  force  of  the  current  does  not  act  upon  the  column 
of  wTiter  in  the  vertical  section  of  tlie  tube,  hence  the  eleva- 
tion of  the  water  in  the  tube  is  cji  and 
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The  coefficient  c„  for  the  given  tube  and  the  difleiMl 
velocities,  must  be  determined  byexperiment  before  it  (SB 
be  used  for  practical  measures. 

The  stream  ia  cross-sectioned,  as  before  described  fcf 
the  leadini?  station  when  long  tin  tubes  are  used,  and 
the  mean  velocity  is  aacertaiiied  from  the  mean  velocity  trf 
ttie  various  superposed  films  taken  in  a  vertical  line  at  tlie 
centre  of  each  sub-section. 

The  computatiouB  of  volume  are  made  in  a  manner  sim- 
ilar to  tliose  when  tubes  are  used. 

Pitot  introduced  a  plain  tube  bent  at  right  angles  as 
early  as  1730,  and  by  his  measurement'^  with  it  in  the  Seine 
and  otlier  streams,  overthrew  some  of  the  hypotheses  of  the 
older  hydniulicians. 

It  has  since  received  a  varietj'  of  forms  and  entered  into 
a  variety  of  combinations,  among  which  may  be  mentioned 
the  "Darcy-Pitot"  tube,  which,  after  an  instantaueoua 
closing  of  a  stop-cock,  can  be  lifted  up  for  an  observation. 
and  tlie  Darcy  double  tube,  but  there  is  still  difficulty  in 
reading  by  its  grjid nations  measures  of  smalt  velocities, wjth 
sufficient  accuracy,  and  the  capillarity  may  be  a  source  of 
error  in  unskillful  hands. 

The  almost  exclusive  use  of  tliis  instrument  in  improved 
forms  by  Darcy  and  Bazin  in  tlieir  valuable  series  of  ex- 
perimental observ'ations,  has  given  to  it  prominent  rank 
among  hydrometers, 

ii'.i'i.  Woltiiianii's  Ta<'h«uieter.— The  moat  succesa- 
ful  of  all  the  simple  mwliauical  hydrometers,  not  requiring 
the  assistance  of  an  electric  batter}',  tias  been  the  revolving 
mill  introduced  by  Woltmann  in  1790,  and  known  as 
"  Woltmann^s  TacTiometer,"  or  moiiH/iet.  This  current 
meter  lias  from  two  to  five  blades,  either  fiat  or  like  marine 
propeller  blades,  set  upon  a  lioriznntal  shaft  as  shown  in 
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Pig.  50,  which  repreBents  the  eutirt  iustruiiient*  in  its  actual 
mugiiitade,  tor  saiall  canal  and  Hume  nieasuivis. 

Upon  the  main  axle,  which  carrit's  the  pi-opeller,  is  a 
ffonn-screw,  G.      A  series  of  toothed  wheels  and  piuiuiia, 
with  pointers  and  dials  similar  to  the  registeriug  appamtoe 
Fid.  s«. 


of  a  water  or  gas  meter,  are  hung  in  a  light  frame,  C,  imme- 
diately beneath  tlie  main  axle.  One  end  of  tlie  frame  is 
movable  upward  and  downward,  but  when  o^lt  of  use  ia 
held  down  by  a  spring,  F, 

The  whole  instmment  is  secured  by  a  set-screw  npon  an 
iron  rod,  D.  on  which  it  may  be  set  at  any  desired  height 


r  Another  form  with  twn  blades  ia  illunlrated  in  Stevensnn'tt  Canal  ■ 
Engineering.    Edinburgli,  ISri,  p.  101. 
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When  brought  into  practical  nae,  the  instruiQeot  ii 
adJQKted  «ik>ii  the  rod,*  so  that  wheu  the  staff  tv^s  txp» 
'he  bottom,  thf  luaiii  axle  will  be  at  tiit  h*?ighl  of  ihefiia 
At  be  lirst  nitasiuvd.  It  is  then  placed  iu  iMpsition  with  tin 
propeller  toward  tiie  apjiroacliuig  current  and  the  tnaioask 
parallel  with  the  direction  of  the  current.  The  propeller 
will  soon  acquire  it^  due  velocity  of  rerolntion  Irom  the 
moving  cunvnt,  when  the  morable  end  of  the  fiame  ctny- 
ing  tlie  recording  train  is  lifted  bv  the  wire  E,  and  the  fint 
toothed  wheel  brought  into  mesh  with  the  wortn-s«rew.  If 
the  train  does  not  stand  at  zero,  its  reading  is  to  be  t&kn 
before  the  inslmment  is  brought  into  position.  The  limei 
when  the  train  is  brought  into  mesh  with  the  worm-scivir, 
and  when  disengaged,  are  both  to  be  accurately  noted  and 
recorded. 

Upon  the  Blackening  of  the  wire  £!,  the  spring  F,  \a- 
stantly  throws  the  train  out  of  mesh,  and  it  is  held  (ast  hy 
the  stud  A.  which  engages  between  two  teeth  of  the  wli**L 
The  instrument  may  then  be  raised  and  the  revolutions  in 
the  observed  time  read  off.  In  waters  excetnling  a  few  feet 
in  depth  there  are  usually  pulsations  of  about  one  minutp, 
more  or  less,  intervals,  and  the  instmnient  should  be  held 
in  position  nntil  several  of  these  have  passed. 

The  velocities  are  thus  measured  at  several  heights  on 
vertical  centre  lines  in  the  several  sub-sections,  and  the  com- 
putations for  mean  velocity  and  volume  completed  as  in  the 
above  describ«xl  case  when  long  tin  tubes  are  used. 

Tlie  blades  of  the  propeller  are  usually  »'t  at  an  angle 
of  about  70',  or  with  an  equivalent  pilch  if  warped  as  a  pro- 
peller blade. 


*  Sevend  ranul'melfi  upon  the  ume  ntaS',  Bt  known  hd^htii  bptweeo  bottOM 
I  Biirhce,  (.'siiedltp  llii-  work  and  tfiid  t*)  grealer  scurary. 
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338.  Hyflromet^r  CtM^ftleieiitrt. — The  number  of  ii'vo- 
lotiaim  of  the  main  axle  is  nearly  proportional  to  the  velocity 
af  the  imi)inging  curivnt ;  but  there  is  some  frictional  n-sist- 
ance  offered  bv  tlie  mechanisin,  hence  it  ia  necessary  tliat 
the  coefficients  for  the  given  instrument  and  for  givi'U  vi-loti- 
ties  be  established  by  experiment,  and  tabltni  for  convenient 
reference  before  it  is  put  to  practical  use.  These  coefficient/^ 
whiclt  de«;reaae  in  value  as  tlie  velocity  inci-eases,  may  b ' 
ascertained,  ur  verified,  by  placing  the  instrument  sub 
mer^'d  in  currents  of  known  velocity,  or  by  causing  it  t* 
move,  submei;ged.  tlirtmgh  still  water  at  known  velocities. 

An  apparatus  adapted  to  the  last  purpose  is  described 
"by  L*  Abbe  Bossut,  and  illustrated  in  Plates  I  and  II,  iu 
*•  Experts  *  De  Bossut." 

If  the  instrument  is  to  be  tested  in  a  resen-olr  of  stiU 
water,  by  moving  it  with  different  known  velocities  threngb 
a  given  distance,  let  s  be  that  distance,  t  the  time  consumed 
in  jiassing  the  instrument  from  end  to  end  stations,  /t  the 
number  of  revolutions  of  the  main  axle  in  the  given  time  (, 
e,  the  coefficient  of  revolutions  for  the  given  velocity,  and  » 
the  given  velocity. 

Then  -r  =  v;  and  —  =  c,;  and  cji  =  8 :  and  -f '  =  v. 
t  n  '  t 

Now  if  the  instrument  is  placed  in  a  current,  and  n  is 
the  observed  number  of  revolutions  in  the  given  time,  c,  may 
be  taken  from  the  table,  or  an  approximate  value  of  <•,  as- 
sumed and  nearer  values  determined  by  the  formula 

—  =  c„  When  the  velocity  will  \>e,v  =  ~^.  (20) 

*  KnuTelles  Exp^rienon  mr  U  RpriRuioe  dca  Floida ;  V.  I'Abbe  BoHnt, 
BapportKor.     Pftris. 

Vide.  klao.  Atmden  des  P«nli  et  rhanwi-es,  Nm-.  ci  Dec.  IftIT,  noil  Jonnul 
rf  Fnnklin  Iiutitule,  May,  IHl'.  «  iJ  B-nufov's  nyJr-iil;<:  I':.-:  irxn.'iKB. 
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When  an  electnc  register  is  naed,  one  minute  obawn- 
tions,  between  the  starting  and  stopping  of  the  recoil, 
gives  revelations  per  minate  direct,  and  for  other  times 

tbeir  ratio  r  =  j-,  in  which  /|  is  in  minutes.     FnHn  tiiis 

ratio,  velocity  y  =  e  of  flow  in  feet  per  second  is  denied, 
and  equals 

p  =  cx+m,  (aOo) 

In  which  x  is  the  revolntioiis  per  minate  and  m  the  small 
portion  of  velocity  balancing  friction  of  tiie  meter  mech- 
anism. 

A  series  of  trial  tests  are  to  be  made  for  rating  each 
meter,  on  the  same  base  line,  in  still  water,  and  these  sev- 
eral values  are  found  from  the  experiments,  thus : 


TABLE    No.   76«. 
Current  Meter  Rating  Experiuevts. 


1  j^ 

!>S 

i 

i 
1 

m 

.  'W 

I 

J 

r,   :z 

'~i 

ltiivin>;  valiu's  us  alH>ve,  th<>  f<erie9  y  may  be  plotted  to 
wait*  im  iiltsi-issiis  :iiul  the  dejteiulent  coefficients  c^  and  mtlM 
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r  OA  oi-dinates,  and  more  complete  series  taken  from  the 
scale. 

If  the  exiieriments  are  conducted  with  proper  care  and 
precision,  and  the  meter  is  iu  proper  condition,  the  extrem- 
ities of  the  oi-dinafes  r  will  be  fonnd  to  lie  approximately 
in  a  straight  line. 

Select  from  the  niintinnm  and  maximum  velocity  values, 
i-epi-esentative  values,  and  let  their  i-espective  symbols  he  y' 
iind  >/"  \  also  let  their  respective  revolution  ratios  have 
t  ymbols  of  and  x".  Then,  for  the  equation  of  the  series  of 
ratings,  we  have 


P 


. ;'/ 


y'-2/'  =  ir^«(,r'-.T").  (20S) 


From  experiments  Nos.  1  and  8  of  the  series  we  have 
valnea,  to  substitute  in  the  equation, 


I 


:  1.7544,  If"  -  7.4074, 


.      ,  ,r^A        7-4074  -  1.7544  ,  ,      , , .  „„. 
y  -  7.4OT4  =  _— _-g^^  (^  _  115.555). 

2/  =  lm9x  +  .355,  (SOk) 


in  which  .0619  is  the  coefficient  for  the  meter  tested.  In 
the  practical  use  of  a  meter,  x  is  the  registered  revolutiojis 
per  minute,  whicli  is  to  lie  multiplied  by  the  coefficient  of 
Ihe  given  meter  to  obtain  ?/.  the  teloeity  in  feet  per  second 
of  that  thread  of  the  current  in  which  the  meter  wheel  is 
MBTolving. 


1 
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:i39.    Kleetric  Muuliiiets.— Thtf  iugenlouM  iiidioatinf 

current  meter*  inveuted  ami  intixHliiced  in  theldikeSurvf^ 
by  D.  Fiirmml  Henry,  C  V...  lias  greatly  inrrreiiMetl  tlmma 
veiitenre  and  avi'iimcy  of  nieasiirenn^iit^  in  lirfKid  a:'-d  strung 
stifams  and  tidal  estiiariHs,  sinre  with  tlif  aid  of  an  electiii 
battery  and  current  the  revolution  i-etrordt-rniay  he  rvfairifld 
on  slioi-e,  float  or  vessel,  and  one  minute  olwervations  be 
repeated  in  alternate  minntfs. 

The  general  features  of  this  meter  an*  sIkjw  n  in  the  plala 
fronting  this  chapter.  Another  excellent  form  of  mefcr. 
Pig.  56«,  was  designed  hy  Mr,  A.  Fteley,  resident  engineer 
of  tbe  Boston  additional  watei-  supply.  The  writer  ha«  n'^-d 
the  "Price"  meter,  Fi^.  iHh.  with  stitisfnrtory  results  in 
rapid  and  in  deep  current^  and  also  in  head  and  tail  race»t  ul 
water  powers.  ;ind  found  it  to  eml)ody  the  best  features  of 
substantial  mgistering  current  meters. 

34:0.  Eai-lier  llyili*oinet^rn. — Castelli's  quadrant,  or 
hydroiuetric  jienduliim,  Boilcau's  horizontal  gauge  glass 
Gauthey'sand  Brnnning'a  pressure  plates,  Brewster's  Unig 
■screw-meter,  and  Lapninte's  hoveled  gear-meter,  have  n-iw 
all  been  superseded  by  the  more  perfect  modern  current 
meters. 

341.  Double  Floats. — Varit)us  double-float  oomhina- 
tions,  having  one  tioat  at  the  surface  and  a  second  near  the 
bottom,  connected  with  the  first  by  a  cord  or  fine  win-  rope, 
have  been  used  both  in  Europe  and  Amfrica.  The  liability 
of  erroneous  deductions  from  the  movements  of  snch  com- 
binations has  been  ably  discussed  t  hy  Prof.  S.  W.  Rob- 
insotL 

342.  Mid-depth  Floats.— The  7n/(/-(?*p^*^oa/ provfs 

•  This  meter  is  niuBtrntiil  in  the  Jour,  of  the  Framlilln  lost..  Mmj.  IM 
ind  Sept.  1871. 

t  Vidt  V«ii  NoBlrand'is  Ecleclir  Engiiicfring  Mot-ii/iiip,  Aug.,  1871. 


wm 
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most  generally  satisfactory-  of  all  float  apparatus,  excepting 
iiill-deptli  tubes,  for  gauging  artificial  channels  and  the 
nnaller  rivers. 

Tills  may  consist  of  a  hollow  metal  globe  of  say  six 
nches  diameter,  with  a  cork-stopper  or  pet-cock  at  its 
ovrev  vertical  pole,  which  i)ermit^*  tlie  partial  tilling  of  tlie 
j^lobo  with  watt'r  until  ltd  specific  gravity,  submei'ged.  is 
slightly  in  excess  of  unity.  This  globe  is  connected  by  a 
Hne  flexible  wire  with  the  smallest  and  liglitest  circular 
disk-Hoat  uj)on  the  surface  tliat  can  retain  the  globe  iu  its 
|*«)per  mid-depth  [Ktsition. 

It  is  desirable  that  the  float  be  conti-olled  as  fully  as 
possible  by  the  mid-depth  velocity,  where,  iu  artificial 
channels  and  deep  streams,  the  film  of  most  constant 
Velocity  is  found.  The  ivactions  and  eddies  tliat  continually 
agitate  ail  the  jtarticles  tliat  fiow  near  tlie  bottom  and  titles 
of  the  stri-am,  and  the  wind  pi-essure  and  motion  along  the 
surface,  make  the  motions  of  all  perimeter  (so  called)  films 
very  complex,  and  continnally  cause  the  parabolic  velocity 
values  in  the  central  vertical  plane  to  change  between 
flatter  and  sharper  curves,  or  to  straighten  out  and  double 
up,  hinged,  as  it  were,  upon  a  mid-depth  point ;  hence  the 
bottom,  side,  and  surface  velocities  are  liable  to  gi-eat  irreg- 
jilarities,  and  these  irregularities  are  projected  to  some 
extent  tlirough  the  wliole  body  nf  the  water.  These  effects 
may  be  readily  observed  in  a  stream  carrj'iiig  fine  quartz 
sand,  upon  a  sunshiny  day,  if  a  position  is  taken  so  that 
the  sunlight  is  retlect*^!  from  the  sand-grains  to  the  eye.  If 
in  such  case  the  eye  and  body  is  moved  along  with  the  cur- 
i-ent.  the  whole  mass  of  wafer  appears  in  violent  agitation 
and  the  particles  appear  to  move  iipward,  downward,  bark- 
ward,  forward,  and  across,  with  writhing  motions,  illus- 
trating the  method  by  which  the  water  tosses  up  and  bears 
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forward  its  load  of  sediment.  In  the  midst  of  this  agitation, 
the  film  having  a  velocity  nearest  to  the  mean  resultaflt  "i 
onward  pi-ogress  h  usually  over  the  mid-ehaiuiel  of  n 
straight  course,  and  near  to,  or  a  little  below,  the  centpp  of 
depth.  The  susiwuded  Uout  that  takes  this  mean  velocity 
is  more  certain  to  give  a  reliable  velot^ity  measure  than  thai 
controlled  by  any  other  point  of  the  stream  sti-tion. 

343.  Maxiiiiiiiii  Velocity  FloatH.— If  it  is  desired  to 
plao^  the  submerged  iioat  iu  the  lilm  of  maxirouiu  velociiy 
in  artificial  channels,  then  this  may  be  sought  over  the 
mid-channel,  ami  between  the  sur^e  and  one-third  the 
depth,  acconiing  to  the  cross-section  of  the  stream  and 
Velocity  of  How.  In  a  smooth  rectangular  section  with 
depth  equal  to  width,  or  witli  depth  one-half  width,  it  will 
probably  be  near  one-third  the  depth,  and  higher  as  llie 
depth  of  stream  is  proixjrtionately  less,  until  dejtth  is  only 
one-fourth  breadth,  when  it  will  liave  quit**,  or  nearly, 
reached  the  surface. 

The  film  of  maximum  velocity  may  reacn  the  .surface  io 
trapezoidal  canals  when  depth  of  stream  is  only  one-tliird 
mean  breadth.  It  is  at  om^fourth  depth  in  the  trapezoidal 
channel.  Fig.  51,  in  which  bottom  breadth  equals  twic^*  depth. 

In  shallow  streams,  the  maximum  velocity  is  at  or  near 
the  surface. 

344.  Relative  VelocitieH  ami  VoliiiiieH  due  to 
l>ifrcrent  Depths.— When  the  mean  velocitj-  has  betn 
reliably  determined  in  a  channel,  or  small  stream,  at  some 
given  8e<-tion,  and  for  some  jmrticular  depth,  it  is  often 
desirable  to  construct  a  table  of  velocities  and  volumes  pI 
(low,  for  other  depths  in  the  same  section,  so  that,  if  a  read- 
ing of  depth  is  taken  at  any  time  from  a  gauge  establislipcl 
at  that  section,  the  velocity  and  volume  due  to  the  observed 
depth  at  that  time  may  be  read  off  from  the  table. 


table.  M 


BELATIVK    VbLUCrriKS    , 


The  inclination,  or  surface  slope,  i  = 


the  coefficient  of  friction,  m, 


„-  - 1  and  the  value 


- ,  may  be  observed 


liin  tlie  ordinary'  extremes  of  depth  at  the  time  of  the 
(erimental  measurement,  if  opportunity  offers,  or  other- 
^  for  the  given  experimental  depth,  and  computed  for 
he  n^maiuing  deptha 

Theory   indicates  that  the  variation  of  velocity,  with 
yiug  depth,  is  nearly  as  the  variation  of  the  square  root 

f  the  hydJ-aultc  mean  i-adiue,  =  V  p,  and  the  vaiiation  of 

rolume  of  flow  is  nearly  as  the  variation  of  the  product  of 
sectional  area  into  the  square  root  of  hydraulic  mean  radius, 

These  terms  are  readily  obtained  for  the  several  depths, 
from  measurement  of  the  channel. 

To  compare  new  depths,  velocities,  and  volumes,  with 
the  depth,  velocity,  and  volume  accurately  measured  by 
experiment,  as  unily, 


let  the  exporimental  depth 

•■  "  "  enei.  of  frintioi 

t"  "  "  Bectional  area 

'«■  ■  "  velority 

-  "  -  volome 


be  d.  and  Ihe  m 


be  d,, 


ciHjf.  of  friction  " 
Bectional  area  " 
Telocity 


etc. 


Tlie  relative  values  of  new  depths,  relocities,  volumes, 
eto^  will  be 
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q  :  qi   ::   1  •  |^;  etc 


The  ratio  ot  v^io  v  is 


^  ^  S^grAn^  S^igriX^^  jn<»m)i 


and 


(21) 


(22) 


In  long  straight  channels  of  nniform  section,  ii  will  be 
less  than  i  for  increased  depths,  and  greater  than  /  for 
reduced  depths ;  but  ordinarily  (except  with  great  velocities) 
their  values  will  be  so  nearly  equal  to  each  other  that  thej 
may  be  omitted  from  the  equation  without  serious  error, 
when  the  equation  of  velocity  will  become, 


{TTOi) 


(23) 


The  variations  in  m  cannot  be  neglected  in  relatively 
shallow  channels. 

For  illustration  of  the  equations,  let  Pig.  67  be  a  smooth 


Fig   57. 


ej^oe-b. 


trapezoidal  channel,  6  feet  broad  at  the  bottom,  =  ^,  and 
with  side  slopes  inclined  thirty  degrees  from  the  h(mzon, 
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During  the  experimental  measurement,  let  the  depth  be 
fcH-t ;  the  slope,  one  foot  in  one  mile  =  /  =  .0(X)189 ;  the 
jcperimental  velocity,  1.201  feet  per  second;  and  the  ex 
eri  mental  volume,  62.128  cubic  feet  per  second. 

The  velocities  and  volumes  are  to  be  computed  when  the 
epths  are  2  feet  and  6  feet,  respectively. 
liet  d  be  any  given  depth; 

e    "   the  bottom  breadth,  =  6  feet ; 
6    "   the  mean  breadth  ; 
0    "   the  slope  of  the  sides,  =  30** ; 
8  "   the  sectional  area ; 
C  "   the  wetted  earth  perimeter. 
Then  we  have  for  the  given  values  of  d : 


AssuMKD  Valuss  OP  d. 

a  Fbkt. 

4  Fb«t. 

6  Fbbt. 

2d 

—  t  -\ . .  .  = 

tan  0 

tan  ^» 

2d  sec  0  _ 

tan  tp 
S 

12.93 
18.93 
14.00 

.0002 
.02396 

19.86 

51-73 
22.00 

2.30 
.000189 

.0187 

26.79 

9«-35 
30.00 

3-28 

.000185 

.0146 

c ■" 

»  . .    = 

.836 

15-825 

I.20I 
62.128 

1.606 

1  ••■••••••••••• 

157-95 

1  *••••••••■••••  — 

With  increase  of  depth,  there  is  also  increase  of  velocity ; 
lence  there  are  two  factors  to  increase  of  volume. 

Some  practical  considerations  relating  to  open  canals 
ire  given  in  Chap.  XVII,  following. 


SECTION    III. 
I^RACTicAL  Construction  of  Water-works 


CHAPTER    XVI. 

RESERVOIR    EMBANKMENTS    AND    CHAMBERS, 

345.  Ultimate  Eooiioiuy  of  Hkilll'iil  ConKtiiictlon. 

— An  earthwcirk  enibaDkment  appears  to  the  iminitiated 
the  most  simple  of  all  engineering  constnictions,  the  one 
feature  that  demands  least  of  educated  judgment  and  expe- 
rience. Possibly  from  such  delusion  has,  in  part,  resulted 
the  tact,  which  is  patent  and  undeniable,  that  failures  <if 
reservoir  embankments  have  exacted  more  terrible  and 
appaUing  penalties  of  human  sacrifice,  and  sacrifire  of  cap- 
ital, than  the  weaknesses  of  all  other  hydraulic  works 
together. 

Each  generation  in  succession  has  had  its  notable  flood 
catastrophes,  when  its  broken  dams  have  poured  deluges 
into  the  valleys,  which  have  swept  away  houses  and  mills 
and  bridges  and  crops,  and  too  often  twenty,  fifty,  or  a 
hundred  human  beings  at  once. 

Such  devastations  are  scarcely  paralleled  by.  though 
more  easily  averted  by  forethought,  than  those  historiral 
inundations  when  the  sea  lias  broken  over  the  embanked 
shores  of  Holland  and  England,  and  when  great  rivers 
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have  i)Oured  over  their  ])opuloas  leveed  plains,  jet  Ihej 
seem  to  be  quickly  forgotten,  except  by  the  immediate 
sufferers  who  survived  them. 

The  earliest  authenticated  historical  records  of  the  East- 
em  tropical  nations  describe  existing  storage  reservoirs  and 
embankments,  and  more  tlian  fifty  thousand  such  reser- 
voirs have  been  built  in  the  Indian  Madras  Presidencf 
Districts  alone.  Arthur  Jacobs,  B.  A.,  says*  of  these 
Madras  embankments,  that  they  will  average  a  half  mUe  in 
length  each,  and  the  longest  lias  a  length  of  not  less  than 
tiiirtv  miles. 

Two  thousand  years  of  practice  seems  to  have  developed 
but  a  slight  advance  of  skill  in  the  construction  of  earth 
works,  while  tlieir  apparent  simplicity  seems  to  have  dis- 
tracted modem  attention  from  their  minute  details,  and  to 
have  kni  builders  to  the  practice  of  &lse  economy  in  some  in- 
stances, and  to  the  neglect  of  necessary  precautions  in  others. 

Amonir  the  recent  disastrous  failures  may  be  mentioned 
tin*  Bradtield  or  Dale  Dyke  embankment  of  the  Sheffield, 
England,  water- works,  in  1864 ;  the  Danbury,  Conn.,  water, 
works  i»nilxinkmont.  in  ISOli ;  the  Hartford,  Conn.,  water- 
works t^nilvuikmont,  in  1S67 ;  the  Xew  Bedford,  Mass., 
water- works  enilxinkniont,  in  1868:  the  Mill  River,  or 
Willianisbunrh,  Mass..  embankment,  in  1875  :  and  Worces- 
ton  Mass..  waior-works  embankment,  in  1876.  Mure  than 
iMie  huniln\l  other  bn^ikiiges  of  dams  are  upon  record  for 
New  Kuirhuul  alone  for  the  same  short  period. 

Two  pnu liial  utility  of  stivams  is  dependent  lai^gely 
xijHMi  the  Moni^^  of  their  surplus  waters  in  the  seasons  of 
iht  ir  abundant  tlow,  that  tht»y  may  be  used  when  droughts 
wouUl  otherwis^^  n\iuiV  iheir  volume. 


•  Wi.  INkjvr  ?r*a  Sft^^^r'  iW  Soeirtrof 
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Tlieii-  wattTS    are    usually  stored    in  elevated   basins, 
letlier  stored  for  jiower,  for  domestic  consumption,  for 
l>eiisation,  or  to  regulate  floods ;  and  frequently  single 
bankraents  toward  the  head -watt'rs  of  streams  susjieiids 
illions  of  tons  of  water  above  the  villages  and  towns  of 
lower  valleys.     In  other  instances,  embanked  distrib- 
ig  ivsorvoirs  crown  high  summits  in  the  midat  of  popu- 
IS  cities.     These  are  good  angels  of  health,  comfort,  and 
itcetion,  when  pijifomiiug  their  appointed  duties,    but 
ay  demons  of  destruction  when  their  watera  break  loose 
n  the  hillsides. 
Every  consideration  demands  that  a  storage  reservoir 
bankment  shall  be  as  durable  as  the  hills  upon  which  it 
To  this  end,  no  water  is  to  lie  permitted  to  percolate 
and  gather  in  a  rill  beneath  the  embankment ;  its  core  must 
be  so  solid,  lieavy  and  imiiervious  that  no  water  shall  push 
it  aside,  lift  it  up  or  flow  through  it,  or  follow  along  its  dis- 
charge pipes  or  waste  culvert ;  it«  core  must  be  protected 
from  abrasions  and  disintegrations ;  and  its  waste  overfall 
must  be  amjile  in  length  and  strength  to  jiass  the  most 
estraonlinaiy  flood  witliout  the  embankment  being  over- 
topped. 

:H(i.  Enibaiiknieiit  Foundations. — The  foundation 
upon  whicli  the  structure  rests  is  the  first  vital  point  requir- 
ing attention,  and  may  contain  an  element  of  wpakness  that 
shall  ultimately  lead  to  the  destruction  of  the  structure 
placed  upon  it. 

The  superposed  drift  strata  beneath  the  surface  layer  of 
muck  or  vegetable  soil  may  consist  of  various  combinations 
of  loam,  gravel,  sand,  quicksand,  claj,  shale  and  demoral- 
ized rock,  resting  upon  the  solid  impervious  rock,  or  above 
an  impervious  stratum  of  sufficient  thickness  to  resist  the 
(netration  of  wat^^r  under  pressure.     If  the  water  is  raised 
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fifty  fw^t  above  the  surface  and  there  are  thirty  f*^  of  pt- 
viouH  earth  in  th<'  bed  of  the  valley,  then  tlie  prvse^uiv  nj«!i 
the  bed  stratum  will  be  five  thousand  pounds,  or  two  wl 
une-half  tons  per  square  foot,  which  will  t^^nd  to  fony  tlh- 
water  toward  an  outlet  in  the  valley  below.  That  much  <i 
tlie  natural  eartli  is  i)orous  is  well  demonstrated  by  tl^f 
frei'dom  with  which  water  enters  on  the  jilains  and  c«»un<<!$ 
through  the  strata  to  the  springs  in  the  valleys,  even  wiih- 
out  a  head  of  water  to  force  its  entrance.  Sucii  j-jmus 
strata  must  be  cut  off  or  sealed  over,  or  tlie  i)ennanenrv  and 
efficiency  of  the  structure,  however  well  exei'ut*^  abov»-, 
cannot  be  assured. 

If  the  valley  across  which  the  embankment  is  thrown  is 
a  valley  of  denudation,  or  if  the  embankment  streU*he> 
across  one  or  mon*  ridges  to  cover  S4*veral  minor  vallevs 
with  a  broad  lake,  tlie  wat^^rs  in  rising  may  cover  tb 
outcn>pping  eilges  of  coarse*  porous  stmta  tliat  shall  l^ad 
the  rtowaire  by  subterranean  paths  to  distant  si)rings  wlu^rv 
water  had  not  flowed  }x»fon».  Ihnice  the  mvessity  of  a 
ihonniirh  examination  of  tin*  <reological  substrn<'tun»  of 
the  valley,  and  of  t(»sts  by  trial  shafts,  snpi>leniente<l  l»v 
dtvp  l>orings,  of  the  site  of  th(»  embankment  and  the  hill- 
^idi's  upon  whi<'h  it  abuts.  The  t(»st  borings  should  <'ovi*r 
SiMue  distance  above  and  b«4ow  the  site  of  the  embankup'iit, 
lost  a  men*  i>oi'kt*t  lilh^d  with  im)H»rvious  soil  lx»  mistak»'n 
fi^fji  thick  stmta  supiK)sed  to  underlie  the  whole  vicinity. 

The  trial  shafts  only,  iM»nnit  a  in-ojxT  examination  of  tli»* 

(«t>vt*rtHl  nx'k,  whi(*h  may  b(»  so  shatteivd,  or  fivSsun^l.  as  to 

K,\al»le  to  <'0!iduct  away  a  considerable  quantity  of  wat«T, 

^  III  h*ad  waller  fi-om  the  adjoining  hills  to  form  spriiitirs 

HWdor  fhr  riMUulati(ms. 

Several  (/<rp  n*siTvoirs  constructed  within  a  few  years 
Hldl    hnvr  dtMuaudi^d  (»xcavations  for  cut-off  walls,  to  a 
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jrth  of  a  hundred  feet  at  certain  points  along  tlu'ir  lines, 

t  tlie  porosity  and  the  tirmuess  of  the  strata  in  such  cases 

S  points  demanding  the  exercise  of  the  most  mature  judg- 

ot,  that  the  work  may  be  made  sure,  and  at  the  same 

Ine  labor  be  not  wasted  by  unnecesaarily  deep  cutting. 

'  Tlioronghness  in  the  jjreliminary  examination  of  the 

^ibsti-ata  of  a  proposed  site  may  frequently  result  in  the 

avoidance  of  a  great  deal  of  vexatious  labor  and  enliauced 

cost  that  would  othei'wise  follow  from  the  location  of  an 

embankment  over  a  treacherous  sub-foundation. 

347.  SpiiiiKK  mulei-  F«uii(lation». — If  the  excava- 
tion shall  cut  off  or  expose  a  spring  that,  when  confined, 
will  produce  an  iiydrostatic  pressure  liable  to  endanger  tlie 
outside  slope  of  the  embankment,  it  must  be  followed  back 
by  a  drift  or  open  cutting  to  a  point  from  wiience  it  may 
be  safely  led  out  in  a  small  pipe  below  the  site  of  the 
embankment. 

ms.  Hiirfuce  Soils. — Dejjendence  cannot  be  i)]aced 
npon  the  vegetable  soil  lying  upon  the  site  of  an  embank- 
ment to  hold  water  under  pressure,  for  it  is  always  porous 
in  a  state  of  nature,  as  is  also  the  subsoil  to  the  depth  pene- 
trated by  frost.  The  vegetable  soil  should  be  cleared  from 
lx.-neath  the  core  of  the  embankment,  and  the  subsoil  iT)lIed 
and  compacted, 
^p  The  vpgt^table  soil  will  be  valuable  for  covering  the  top 
Hnd  outside  slojte  of  the  embankment. 

If  good  hard-pan  underlies  the  suiface  soil  to  a  depth 
sufficient  to  make  a  strong  foundation  for  the  embankment, 
then  its  surface  should  be  broken  up  to  the  depth  it  has 
been  made  porous  by  frost  f.tpansion,  and  th"  material 
rolled  down  anew  in  thin  layers  with  a  grooved  roller  of 
not  less  than  two  tons  gross  weight,  or  of  one-)ialf  ton  per 
lineal  foot. 

23 
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If  next  to  the  surface  soil  there  is  a  layer  of  bard-pu 
within  the  basin  to  be  flowed,  and  this  hard-pan  covers  opet 
and  })oruus  strata  that  extend  below  the  dam,  caatton 
should  be  used  in  disturbing  the  hard-pan,  lest  the  water 
be  admitted  freely  to  the  porous  strata,  when  it  will  escape, 
perhaps  by  long  detour  around  the  dam. 

:«».  Concrete  Cut-off  WaUs-^If  the  trench  for  the 
cut-off  wall  is  deep  and  very  irregular,  it  is  well  to  level  up 
in  tlie  cuts  witli  a  itater-proof  concmte  well  settled  in  place, 
and  this  may  prove  more  economical  than  to  cut  the  dwp 
trench  of  sufficient  width  to  receive  a  reliable  puddle  wall ; 
also,  the  greater  reliability  of  the  concrete  under  great  pres- 
sure should  not  be  overlooked. 

:<«>0.  Treacherous  Strata,— In  one  instance  the  writer 
had  iM'cai>ion  to  construct  a  low  embankment,  not  exceed- 
ing twenty  feet  height  at  the  a^ntre,  across  an  abraded  cut 
thn>ugli  a  ]>lain.  Tlie  embankment  was  to  retain  a  storape 
of  water  for  a  city  water  supply,  and  the  enclosed  lake  was 
to  have  an  area  of  2(H>  acn^. 

Tlie  test  i»its  and  sr>undings  developed  the  fact  that  the 
abradtni  valley  and  adjacent  plains  were  underlaid  with  a 
stnitnin  of  fine  sand  twelve  feet  in  thickness,  which,  when 
disturl>ed.  l>eeame  a  quicksand,  and  if  water  was  admitted 
to  it^  would  flow  almost  as  freely  as  water. 

Tlif*  sjunl  lay  in  a  comj^act  mass,  and  would  not  pass 
water  fn^ly  until  disturb*^.  Above  the  sand  was  a  layer 
of  about  tlinN*  fivt  of  tine  hard-pan,  and  above  this  about 
thn^^  ftH»t  of  sroixl  meadow  soil  had  formed. 

l'\>r  this  cast^  the  division  was,  not  to  uncover  the  quick- 
Hiuul  iMit  to  si\nl  it  over  in  the  vicinity  of  the  embankment 
riu^  t\Mnulati<»n  of  the  emKnnkment  and  of  the  waste  orer- 
llU  >^  Inoh  luvt^ssiirily  came  in  the  centre  of  length  of  the 
^^tviukmiMit,  wa>  uiadt^  of  concrete  of  such  thickness  as  to 
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iperly  diBtiibute  the  weight  of  tlie  eaitliwork  and  o\'er- 
masonry.      Above  the  enibaiikineiit,  after  a  careful 
.ning  of  the  soil  to  the  depth  pemtrated  by  the  grass 
its,  the  valley  was  covered  with  a  layer  of  gravel  and 
ly  pnddle  for  a  distance  of  one  hundred  feet 
Beneath  the  toe  of  the  inside  slope,  where  the  bottom 
Lddle  joined  the  concrete  foundation,  a  trench  was  cut 
138  the  vaUey  into  the  quicksand,  as  deep  as  could  be 
,vated  in  sections,  with  the  aid  of  the  light  piinipiug 
wer  on  liand,  and  sheet  piling  placed  therein  and  driven 
irough  the  quicksand,  and  then  the  ti-ench  was  tilled 
nnd  the  piling  with  puddle,  thus  fonning  a  puddle  and 
•.i&uk  cortain  under  the  inside  edge  of  the  embankinent. 
Such    expedients  are  never    entirely  free    from  risks, 
especially  if  a  faithful  and  competent  inspector  is  not  re- 
tained constantly  on  the  work  to  observe  that  orders  are 
obeyed  in  the  ininutt'st  detail. 

In  the  case  in  question  many  thousands  of  doUara  were 
saved,  and  the  work  has  at  present  writing  successfully 
stood  the  test  of  seven  yeare  use,  during  which  time  the 
most  fearful  Hood  storm  n^corded  in  tlie  presi'nt  centuiy  has 
swept  over  the  section  of  Connecticut  where  the  storage  lake 
is  situated. 

.'{51.  EinlKiuknieiit  Core  Materials.  —  Rarely  are 
good  materials  found  ready  mixed  and  close  at  hand  for 
the  construction  of  the  core  of  the  embankment.  It  is 
ess^mtial  that  this  portion  be  so  compounded  as  to  be  im- 
pervious. 

If  we  fill  a  box  of  known  cubical  capacity,  say  one  cubic 
yard,  with  shingle  or  screened  coarse  gravel,  we  shall  then 
find  that  we  can  pour  into  the  full  bos  with  the  gravel  a 
Tolurae  of  water  equal  to  twenty-eight  or  thirty  per  cent. 
9f  the  capacity'  of  the  box,  according;  to  the  volume  of  voids  j 
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or  if  we  attempt  to  stop  water  with  the  same  thickness  {cm 
yard)  of  gravel,  we  shall  find  that  water  will  flow  throu^ 
\t  viivy  freely.  Then  let  the  same  gravel  be  damped  oat 
upon  a  platform  and  twenty-eight  per  cent  nearly  of  fine, 
gravel  be  mixed  with  it^  so  as  to  fill  the  voids  equally,  and 
the  whole  be  put  into  the  measuring-box.  We  now  find 
that  we  can  again  pour  in  water  equal  to  about  thirty  per 
cent,  of  the  cubical  measure  of  the  fine  gravel.  Then  let  fine 
sand,  equal  to  this  last  volume  of  water,  be  mixed  with  the 
coarse  and  fine  gravel,  and  the  whole  returned  to  the  meas- 
un*.  We  now  find  that  we  can  pour  in  water,  though  not 
so  rapidly  as  before,  equal  to  thirty-three  "per  cent,  approx- 
imately of  the  cubical  measure  of  the  sand^  and  we  resoit 
to  fine  clay  equal  to  the  last  volume  of  the  water  to  again 
fill  the  voids.  The  voids  are  now  reduced  to  microscopic 
dimensions. 

If  we  could  in  practice  secure  this  strict  theoretical  pro- 
jxmiou  and  thoroug!i  admixture  of  the  material,  we  should 
intixnluot^  into  one  j'ard  volume  quantities  as  follows :  Coarse 
gmvt^U  1  cubic  yaitl :  fine  gravel,  0-28  cubic  yard ;  sand, 
Oa^  cubic  yard  :  and  clay.  0.03  cubic  yard,  or  a  total  of 
the  s<^}>5irate  materials  of  1.39  cubic  yards. 

In  pnictict\  with  a  rea^Miable  amount  of  labor  applied 
to  thonMichlv  mix  the  materials  so  as  to  fill  the  voids,  we 
sh,*^ll  \is^\  approximately,  the  foUowing  piop(»tion  of  ma- 
terials : 

i\>*«if  ITTiV'f^ • lilD  crtic  TMd. 

rin*,rw»ve.l •«    '* 

Sa^o ••• WS    ** 


\X^ 


X 


%   « 


«uo 


«4 


T*^«*:  1.^  " 


Ahioh.  when  niivtxi  IvV^^ly  or  spnE«d  in  thin  lay«Sy  will 
w^ako  ,nWut  <Mio  and  thnv^enihs  Tiids  bulk,  and  whai 
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■onglily  compacted  iu  the  embankment,  will  make  about 

1(1  oiu-  quart*'!'  cubic  yards  bulk. 

Tlie  voids  now  i-emaining  in  the  mass  may  each  be  u 

iDusaud  times  broader  tlian  a  molecule  of  wat^r,  yet  tliey 

;  sufficiently  mmute,  so  tliat  molecular  attractioD  exerts 

I  Binjiig  force  iu  each  and  resista  flow  of  the  molecules, 

nfn  under  considerable  head  pressure  of  water. 

It  will  be  interesting  here  to  compare  the  weights  of  a 

Eblid  block  of  granite  with  its  disintegrated  products  of 

gravel  and  sand,  takiug  for  ilUistmtion  a  cubic  foot  volume. 

TABLE     No.     77. 
Weights  of  Embankment  Materials. 


Hathhul. 

Av.W.,c«.. 

"""■ 

*,.v™ 

Gnnite 

1 66    lbs. 
ii6      " 

1925 
1.861 

5«o 

.18  per  cent. 
.30    "      " 
■33    "      " 

If  the  shingle  is  omitted  and  common  gravel  is  the  bulk 
to  leceive  the  finer  materials,  then  the  proportions  in  prac- 
tice may  be : 

Cominon  gravel 1.00  cnblc  Taid. 

Swill 0.36     ■■ 

Qiy 0^     " 

1.81 

which,  when  loosely  spread,  will  make  about  one  and  one- 
sixth  yards  bulk ;  and  compacted,  some  less  tlian  one  and 
one-tenth  yards  bulk. 

Gravel  is  usually  found  with  portions  of  sand,  or  sand 
and  clay,  ali'eady  mixed  with  it,  though  rarely  witli  a  suf- 
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ficiency  of  fine  material  to  fill  tlie  voicis.     The  lacking  it 
terial  eliould  be  supplied  in  its  due  projKHtion,  wlietht-r  ij 
be  tine  gravel  sand,  line  sand,  or  clay.    Tiie  voids  niustbi 
filled,  at  all  events,  with  some  durable  fine  material,  H 
ensure  iniperviousness. 

It  is  sometimes  Found  expedient  to  substitute  for  a  por 
tion  of  the  fine  sand  or  clay,  portions  of  loam  or  selected 
6oil  from  old  ground,  and  on  rare  occasions  peat,  but 
neither  peat  nor  loam  should  be  introduced  in  bulk  into 
the  core  of  an  embankment. 

There  is  a  geneml  ])rejudice  against  the  use  of  pi«t  « 
surface  soils  in  embankments,  and  tlie  objections  hold  gcxid 
when  tlipy  are  exposed  to  atmospheric  influences.  Mr, 
Wiggin  remarks,*  however,  that  a  peat  sea-baiik  which  was 
opened  after  being  built  for  seventeen  years,  exhibited  tlifr 
material  as  fibrous  and  undecayed  as  when  first  deposited. 

Weight  is  a  valuable  property  in  embankment  material, 
when  placed  upon  a  firm  foundation,  since,  for  a  given  bulk, 
the  heavier  material  is  able  to  resist  the  greater  pressure. 

Peat  and  loam  are  very  deficient  in  the  weight  property, 
and  therefore  need  the  sapjwrt  of  heavier  materials.  Clay 
is  heavier  tliau  sand  or  fine  gravel ;  sliingle  is  heavier  thafl 
clay  ;  but  the  compound  of  shingle,  gravel,  sand,  and  clay, 
above  describetl,  is  heavier  than  either  alone,  and  we 
when  compacted,  for  a  given  volome,  nearly  as  much  as 
solid  granite. 

Co?ies've7tes3  and  slabiUty  are  valuable  properties  in 
embankment  materials,  but  sand  and  gravel  lack  iiernui- 
nent  cohesivenesfl,  and  clay  alone,  though  quite  cohesivo, 
is  liable  to  slips  and  dangerous  fissures,  if  nnsupportAtl; 
but  a  proper  combination  of  gravel,  sharp  sand,  and  clay, 

*  Embnnklne  LbiiiIh  from  xhe  Si'u.  p.  20,     Ixindnn,  1B5S. 
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fives  all  the  valuablo  properties  of  wt  ight,  coliesiveness, 

ability,  and  imiH-iTiousness. 

353.  PeciiliJir  Preswupes. — There  are  peculiar  pres- 

infliii'iict's  in  an  earthwork   structure  that  are  not 

^eutical  witli  tlie  theoretical  liyilrostatic  pressures  upon  a 

ght  masoury,  or  fully  impervious  structure  of  the  same 

The  hydrostatic  pressure  uiK>n  an  impervious  face, 

bhutever  its  iuclination,  might  be  resolved  into  its  liori- 

Dtal  resultant  (§  171),  and  that  resultant  ^YOuld  be  tlie 

wretical  force  tending  to  push  the  structure  down  the 

illey,  and  would  be  equal  to  the  pressure  of  the  same 

bpth  of  water  acting  upon  a  vertical  face.    The  pressure 

Ifould  be,  upon  a  vertical  fece,  per  sq-uarefoot,  at  the  given 

£pths,  as  follows : 


..|: 


lL: 


The  effe(^tive  action  of  the  tlieoretical  horizontal  resultant 
ifl  neutralized  somewhat  upon  an  impervious  slope  by  the 
weight  of  water  upon  the  slope. 

But  all  embankments  ai'e  pervious  to  some  extent.  If 
with  the  assistance  of  tlie  jjressnre,  the  water  penetrates  to 
the  centre  of  the  embankment,  it  presses  there  in  all  direc- 
tions, upward,  downward,  foi-ward  and  backward,  and  at  a 
depth  of  fifty  feet  the  pressure  will  be  a  ton  and  a  half  per 
square  foot.  Such  iireseure  t^-nds  to  lift  the  embankment, 
and  t(»  soften  its  substance,  as  well  as  to  press  it  forward, 
and  if  in  course  of  time  the  water  penetrates  past  the  centre 
it  may  reach  a  point  where  the  weight  or  the  imperviousneaa 
of  the  outside  slope  is  not  sufficient  to  resist  the  pressure, 
when  the  embankment  will  crack  open  and  be  speedily 
breached. 
H       That  portion  of  the  (■mbaiikmi'nt  that  is  penetrated  by 
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the  water  has  its  weight  nentralized  to  tlie  extent  of  t]» 
weight  of  the  water,  or  at  any  depth,  a  total  equal  to  tbi- 
water  pressure  at  that  depth  ;  tlms,  at  fifty  feet  depth,  tlai 
portion  penetrated  is  reduced  in  its  total  weight  a  total  of 
one  and  one-balf  tons  per  square  foot. 

Ilenee  the  value  of  imj>erviousne88  at  the  front  as  well 
as  in  the  centre  of  the  euibaukmeat,  so  that  the  maximnn) 
amount  of  its  weight  may  be  effective. 

If  water  i>enetrate8  the  soheoil  beneath  the  embankmpnt. 
as  is  frequently  the  case,  it  there  exerts  a  lifting  pressnre 
according  to  its  depth. 

353.  Earthwork  Slofies. — If  earth  embankments  of 
the  forms  usually  pfeii  to  them,  and  their  subsoils  also, 
were  quite  impervious,  as  a  wall  of  good  concrete  would  be, 
the  embankments  would  have  a  large  surplus  of  weight, 
and  might  be  cut  down  vertically  at  the  centre  of  their 
breadth,  and  either  half  woidd  sustain  the  pressure  aad 
impact  of  waves  with  safety,  but  the  vertical  wall  of  earth 
would  not  stand  against  the  erosive  actions  of  the  wavea 
and  storms.  Surface  slopes  of  earthwork  are  controlling 
elements  in  their  design,  and  govern  their  transverse  prolilea. 

Different  earths  have  different  dt^rees  of  jiennanHnt 
stability  or  of  friction  of  tlieir  particles  upon  each  other, 
Uiat  enable  them  to  maintain  their  respective  natural  sur- 
face glopi's.  or  anffles  qf  repose,  against  the  effects  of  gravity; 
onlinary  storms,  and  alternate  freezings  and  thawings.  until 
natim'  binds  their  surfaces  tog^■tller  with  the  roots  of  weeds, 
gniss<'8  and  shmhs.  The  coefficient  of  friction  of  earth, 
w^uals  the  tangent  of  its  angle  of  repose,  or  natural  slopt-* 
Tlie  amount  or  value  of  the  sloi>e  is  iisiially  described  hy 
itating  the  ratio  of  the  horizontal  base  of  the  angle  to  ita 
vertical  height,  which  is  the  rwnprocal  of  the  tangent  of  t£* 
titeliimtiou. 
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The  following  data  relating  to  tliese  values  are  st^lectt-d  * 
t  from  Hailkiiie,  and  to  tlicm  are  added  the  angles  at 
ieii  certain  earths  sustain  by  friction  other  materials  laid 
ion  their  inclined  surfaces. 


TABLE     No.     78. 
[GLEs  OF  Repose,  and  Friction  of  Embankment  Materials. 


Dry  sand,  fine  

r>anip  day     

Wet  clay    

Clayey  gravel    

Shingle 

Firm  loam    

Vegetable  soil 

I'eat  

Masonry,  on  clayey  gravel, 

"  "   moist  clay.    . 

Earth  on  moist  clay 


.306 


Inclined  earth  surfaces  are  most  frequently  dressed  to 
the  slopes,  liaving  ratios  of  bases  to  verticals,  respectively 
1 J  til  1 ;  2  to  1  ;  2^  to  1  ;  and  3  to  1  ;  corresponding  resjiect- 
ively  to  tlie  coefficients  of  friction  0.67.  0.50.  0.40,  and  n.33. 
and  to  the  angles  of  repose  33J°.  26^°,  211°,  and  18^°, 
nearly. 

Gravel,  and  mixtures  of  clay  and  gravel,  will  stand 
ordinaiily.  and  resist  ordinary  storms  at  an  angle  of  1|  to  1, 
but  the  angle  must  be  reduced  if  tlie  slope  is  exposed  to 
accumulations  of  storm  waters  or  to  wave  actions,  and  upon 

*  Civil  EuginceriiiK,  ]>.  31li.     Limdou,  1872. 
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broad  lake  shores  the  waves  will  leduoe  coarse  graTd,  if 
unprotected,  to  a  slope  of  5  to  1,  and  finer  materials  to 
lesser  slopes.  Complete  saturation  of  clay,  loam,  and  v^ 
table  soU,  destroys  the  considerable  cohesion  they  have 
when  merely  moistened,  and  they  become  mod,  and  assaoie 
slopes  nearly  horizontal ;  hence  the  conditions  to  which  die 
abiwe  table  refers  may  be  entirely  destroyed  and  the  angles 
Ih*  much  tlatteued«  unless  the  slopes  are  properly  pmteded. 
',)n  the  other  hand«  the  table  does  not  refer  to  the  tem])orai7 
stability  which  some  moist  earths  hare  in  mass,  for  com- 
jxict  clay,  irrareU  and  eren  coarse  sand  may,  when  tbrir 
adiu'sion  is  at  it^  maximum,  or  when  their  pores  are  par- 
tially and  nt'arly  filled  with  water,  be  trenched  through, 
and  the  sidcis  of  the  ti^nch  stand  for  a  time,  nearly  Tcrtical, 
at  hei^rhts  of  from  6  to  15  feet.  In  sach  cases,  loss  or 
im^nxicf^^  of  moi^mie  destn>T$  the  adhesion,  and  the  sides  of 
tlu^  tivMich  <^>>n  K^n  to  crumble  or  care,  unless  supported. 
:v>4,  KtHH>iiiiolss:ince  for  Site. — Let  us  assume,  for 
i*h;s:ni::oi\  Tha:  a  s^ioraire  rv-<»iTToir  is  to  be  formed  in  an 
olo^itivi  \-^iiiO\\  The  nisinimum  allowable  altitude  being 
r,\i\i  vav^r:.  a:>vi  liosdirr-aaoi  by  Tvfeieoce  to  a  permanent 
K  :vh  r/,Ariv  :r.  ^.v  >r*:^!!  of  lire  rall^v,  the  valler  is  then 
T  \v\^rtv,  rViXi^  :^•t  ^r^  t-^:  aji:r*iiiv  upw;ud  for  the  most  favor- 
:4  V  I  >::  f>T  v.ri  5C^*nkiS-  b&5diL  and  lor  the  site  for  an 
"  ':v^i'  K':'.'':':^:.  .nt  w^at.v  *<  :V  cizY'TanfCanoes  may  np^nire, 
\N  :  .►:.>  tv.yv^  T.*^  f,T»i  a  ^»i  fCTe  for  die  5tonu?e  at  some 
':\^  .  :  ^>  :•: 7:  A  r^r^/idt,^  Tr^-Ufi'v  i< iisi-t^  mpm eac^b  ade  by 
,'/:-.. ^.:  s\  i^»>v  Ar«5  '•••tcv  li'.i?!:  sC^'iies  diaw  near  to  each 
,\  ■:-  ,\:  .c:i;C  ,*if:>'f  Tr^Ta.^.-v,  jksi?  frc^^mily  the  case. 
:\A>  .V  .s,;»,^,  j^  srr  •m:  i77»«i.T^  ffcVvTjaWe,  a  preliminaiy 
r.w.  v..>5?yir^,v  ^  ;■:  .Ti>c:^c7n'rm<  i?  naife  »  Ae^t'imine  if  the 
^v;»>.  >t*^  ii)T  ^vc  :^».:  A.Tf»;»xu';  :' waaorsiwifl  aaid  storace 
,MiVv»,  0 ,  ^-CY^  v»*>s>   Ivi-d  xrcff.    f  SSIl  aaid  to  determine 
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proxiraate'ly  the  height  tlie  enib:inkinent  nr  masonry 
must  liave.  If  the  preliminary  ivconnoissaiice  gives 
tisfactoTj  results,  then  the  sit^?  where  the  embankment 
1  be  built  most  economically  and  substantially  is  care- 
Uy  sought,  and  t*?st  pits  aiid  borings  put  down  at  the 
t  giving  most  promise  upon  the  surface.  It  is  impcit- 
3  know  at  the  outset  tiiat  the  subsoil  is  firm  enough  lo 
f  the  weight  of  the  embankment  without  yielding,  and  if 
e  is  an  imijervious  substratiim  that  will  nitMii  the  pond- 
L  water  under  pressure.  It  is  important  also  to  know  that 
Htable  materials  are  obtaiuable  in  the  immediate  vicinity. 
355.  Detailed  Surveys. — The  preliminary  sni-veys  all 
giving  satisfactorj-  indications  as  respects  extent  of  flowage, 
volume  of  stwragp,  depth  of  water,  inclination  and  material 
of  shore  slopes,  soils  of  flowed  basin,  and  the  detailed  sur- 
veys confiiming  the  fiif*t  indications,  and  also  establishing 
that  the  drainage  area  and  luiiifall  supjjlying  the  basin  ia 
«if  ample  extent  and  quantity  to  supply  the  required  amount 
of  water  (g  34i  of  suitable  quality  (§  lOO  et  seq.) ;  tlien  let 
us  suppose  that  the  conditions  governing  the  retaining  em- 
bankment may  best  b'  met  by  a  construction  similar  to 
that  shown  in  Fig.  59,  based  upon  actual  practice. 

356.  Illustrative  f'itse. — Here  the  water  was  raised 

fifty  feet  above  the  thread  nf  the  valley.     The  surface  of  tlie 

impervious  clay  stratum,  containing  a  small  portion  of  fine 

gravel,  was  at  its  lowi«t  dij),  thirty  feet  below  llie  surface 

of  the  valley,  and  was  overlaid  at  this  point,  in  tlie  following 

order  of  superposition,  with  etratas  of  sandy  clay,  coarse 

sand,  quicksand,  sandy  marl ,  gravel  and  sand,  gravelly  loam, 

and  vegetable  surface  soU,  each  of  thickness  as  figured. 

Gravel  and  sand  and  loam  were  obtainable  n-adUy  in 

_,    the  immediate  vicinity,  but  clay  was  not  so  readily  pro 

bmred,  and  must  therefore  needs  be  economized. 
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357.  C»it-off  Wall. — A  broad  treneh  was  cut,  after  tlie 
clfarin^  of  the  snriiwv  soil,  down  to  the  sandy  marl,  and 
t)n'n  a  narn'w  tfvnch  cnt  down  to  eighteen  inches  depth  in 
x\\'^•  tliiok  chiv  strata,  lini^hing  fonr  feet  wide  at  the  bottom. 

A  wall  of  ctinoivie.  fonr  feet  thick,  composed  of  machine- 
ii:i>ki'n  stone,  four  jiaris:  ciiar^e  sand,  one  part ;  line  sand, 
I'lii-  jwil  :  and  p.>vi  l.vdranlit-  c-'meot,  one  part,  was  built 
\u*  to  i'ic:;l*vii  inohi*:;:  aK^Ti-  xhr  loj.  of  the  mart  stratnni. 

T'.ie  o  -n.-n-te  was  :iiixfd  wiiii  crt-at  can*. and  the  materials 
nrii;ni>i  into  the  iv.it  r>iit>'i.  of  the  bank,  to  iosore  im]»t'r' 
\  •,•,:-.;■<■>,■;  :n  li.e  wall,  and  to  pn-rent  water  beii^  forced 
.;.-(»;;  -.;.-;  side  .ind  und-r  i:s  b-Mt.mi.  Puddle,  of  one  iiart 
!i!;\.\l  >\v»:-si'  ;iv.d  T^.TJ'-  >".arp  iiTiiTirf.  one  part  fine  sand,  and 
.•::,•  i\»::  ir**>>i  •"a^'  t--'"  r^V.txl  :!!•»  bread  trench  np  to  the 
^  .;  .;i.N-  .'f  :'■••■  (■!v.K-»""K.r.:-:;:  f -.indation. 

:i.\S  riulvtnkiueui  Core^— The  ewe  of  the  embank 
w---..  «:i-.  .\-:;-.-tVxsii\;  .-f  i-.\r--f;:!'y  mixed  ccMu^e  and  fine 
f.;.>v.-!    s.<;;.i    .-ii;.;   I'-v.  ir.  ;:«■  ptv^vctiOBS  ffven  above 
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(p.  34(0,  reqairing  for  one  cubic  yard  of  core  in  place,  ap- 
proximately : 

Coaree  gravel 74  cubic  j»rd. 

Fine  "      28     "         " 

Band H     ■■ 

Clay ^5     '■ 

1.26     - 

When  measured  by  cart-loads,  these  quantities  became 
eight  loads*  of  mixed  gravels,  one  load  of  sand,  and  two 
loads  of  clay,  the  cubic  meaeui-e  of  each  load  of  clay  In-ing 
sliglitly  less  than  that  of  the  dry  materials.  The  gravel 
was  spread  in  layers  of  two  inches  thickness,  loone,  the  clay 
evenly  spread  upon  the  gravel  and  lumps  broken,  and  tlie 
sand  spread  upon  the  clay.  AVhen  the  triple  layer  was 
spread,  a  harrow  was  passed  over  it  until  it  was  thoroughlj' 
mixed,  and  then  it  was  thoronglily  rolled  with  a  two-ton 
grooved  roller,  made  up  in  sections,  tJie  layer  having  been 
first  moistentd  to  just  that  consistency  that  would  cause  it 
to  knead  like  dough  under  the  roller,  aud  become  a  com- 
part solid  mass. 

Such  a  core  packs  down  as  solid,  resists  the  penetration 
or  abrasion  of  water,  nearly  as  well,  and  is  nearly  as  diffi- 
cult to  cut  through  as  ordinary  concrete,  while  rats  and  eels 
are  unable  to  enter  and  tunnel  it. 

The  proportions  adopted  for  tlie  core  were — ii  tliickneas 
of  five  feet  at  the  top  at  a  level  three  feet  above  high-water 
mark,  and  approximate  slopes  of  1  to  1  on  each  side. 

For  the  maximum  height  of  fifty-four  feet  this  gave  a 
breadth  of  113  feet  base. 

This  core  was  abundantly  able  to  resist  the  percolation 
of  the  water  through  itself,  and  to  resist  the  greatest  pres- 

*  Seven  IobiIh  iif  n>arHi>  anil  lliriti  loads  of  fine  gravel  make,  when  mixed. 
•bout  eiffhi  Inads  bulk 
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Burc'  rif  the  wattT.  and  had  these  been  the  only  matters  to 
provide  for,  the  embaukment  core  would  have  been  Ihe 
"lompli't*  Hinbaiikment. 

339.  Frost  Coveruig. — Frost  would  gradually  peDfr 
(rate  deeper  and  deejier  into  that  part  of  the  work  atwve 
wat.'r  and  into  the  outside  Blupe,  and  by  expansioiifi  umke 
it  porous  and  looau  to  a  depth,  at  its  given  latitude,  of  fnjin 
four  to  five  feet,  A  froat  covering  was  therefore  placiil 
upon  it,  and  carried  to  a  height  on  tite  inside  of  five  fe>'i 
above  high-wat4?r  line,  and  of  juat  sufficient  tblcknees  at 
liigh-wat«r  line  to  protect  it  from  fnist. 

The  frost-covering  was  composed  of  sncli  materials  aa 
could  be  readily  obtaini'd  in  the  vicinity  of  the  embank- 
ment. It  was  built  up  at  the  same  time,  in  tliin  layers,  witii 
the  coi-e,  and  the  wiiole  was  moistened  and  rolled  alike, 
making  the  whole  so  compact  as  to  allow  no  ap])aient 
"'iifler  settlein^iUy  The  wave  slope  was  built  eighteeo 
inches  full,  and  thi'n  dressed  back  to  insure  solidity  be- 
ni-atli  tlie  pavement. 

Tlie  core  of  an  embankment  should  be  built  up  at  least 
to  the  highest  Hood  level,  which  is  dejK*ndent  upon  length 
of  overfall  as  well  as  height  of  its  cn-st,  and  the  frost-t^jver- 
ing  should  \n'  built  of  gixid  mati'rials  to  at  least  thrtv  feet 
above  maximum  Hood  level. 

3fi0.  Slope  Psiviiig:.— The  exterior  slope,  when  s<)iled, 
was  dressed  to  an  inclination  of  1^  to  1 ;  tlie  interior  slope 
was  made  2  to  1  from  om-  foot  above  high  wat*'r  down  to  a 
level,  three  feet  l>elow  pro]>osed  minimum  low  water,  where 
there  was  a  berm  live  feet  wide,  and  the  remainder  of  tlie 
slope  to  the  bottom  was  made  1^  to  1.  Tlie  lower  interiw 
slope  was  paved  with  large  cobbles  driven  tightly,  the  berm 
with  a  double  layer  of  flat  qnairied  stone,  and  the  upper 
slope,  which  was  to  be  "XiKJsed  to  wave  actioi],  was 
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witb  one  foot  thickness  of  machine-broken  stoae,  like  "road 
mftalC'  aud  then  paved  with  split  grauite  paving-blocks  of 
(limensioufl  as  follows:  Thickness,  10  to  14  inches;  widths, 
V2,  14,  or  16  inches  ;  aud  lengths,  24  to  48  inches. 

A  gmuite  ledge,  in  siieets  favorable  for  the  splitting  of 
the  above  blocks,  was  near  at  liand,  aud  supplied  the  most 
«'c<inoniiral  slope  paving,  when  labor  of  placing  and  future 
inajnii'nance  was  considered.  From  one  foot  above  high 
water  to  the  underside  of  the  coping,  the  jKiviug  liad  a  sloi* 
of  1  to  1 ,  and  the  face  of  the  coping  was  vertical. 

3fil.  Piiildle  WjilL^The  policy  might  be  considered 
questionable  of  using  clay  in  so  lai^e  a  section  of  Uie 
embankment,  when  the  haulage  of  the  clay  w^as  greater 
than  of  any  of  the  other  materials,  aud  when  the  clay  might 
be  confined  to  the  lesser  section  of  the  usual  form  ot pmldle 
wall.  These  methods  of  disposing  the  clay  were  compared 
in  a  preliminary  calculation,  both  njK)n  the  given  basis,  and 
that  of  a  puddle  wall  of  minimnm  allowable  dimensions, 
viz.,  five  feet  tliick  at  the  top  and  increasing  in  thickness 
on  each  side  one  ffmt  in  eight  of  lieight,  which  gave  a  maxi- 
mum thickness  of  18.6  feet  at  base  with  54  feet  height.  (See 
dotted  lines  in  Pig.  59.) 

The  estimate  of  loose  materials  for  each  cubic  yard  of 
complete  core  was — coai-se  gravel,  .74  cu.  yard  ;  tine  gmvel, 
.26  en.  yd. ;  sand.  .07  cu.  yd.  ;  and  clay,  .16  cu.  yd. ;  and 
for  puddle  wall  of  equal  pails  of  gravel  and  clay — gravel 
.59  cu,  yd.,  and  clay  .59  cu.  yd. 

This  calculation  gave  the  excess  of  clay  in  the  maximum 
depth  of  embftukment,  less  than  4  cubic  yards  per  lineal 
foot  of  embankment,  and  the  excess  at  the  mean  depth  of 
thirty  feet,  about  three-fourths  yard  per  lineal  foot  of 
embankment, 
^^     The  difference  in  estimated  first  cost  was  sliglitly  against 
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tlie  mixed  core',  but  in  that  particular  case  this  was  conad- 
ered  to  be  decidedly  overbalanced  by  more  certainlj  ii^ 
Bured  stability,  more  probable  freedom  from  slips  and 
cracks  in  a  vital  part  of  the  work,  and  by  the  additional 
eaiety  with  which  the  waste  and  draught  pipes  could  be 
passed  tlirough  the  core. 

The  value  of  puddle  in  competent  hands  lias,  however, 
been  demonstrated  in  many  noble  enibaukment&  It  is 
usually  placed  in  the  centre  of  the  embankment,  as  in 
Pig.  61,  and  occasionally  near  the  slope  paving,  as  in 
Pig.  62,  from  a  design  by  Moses  Lane,  C.  E. 

S&i.  Rubble  Prlniingr  Wall.  —  The  drift  formation 
presents  a  groat  variety  of  materials ;  but  not  always  such 
as  are  desinxl  for  a  storage  embankment,  fai  the  immediate 
vicinity  of  its  site.  The  selection  of  propter  materials  oft»*n 
demands  the  best  judgment  and  continued  attention  of  the 
engim^er.  Clay,  which  is  often  considered  indispensable  in 
an  t^niliankment,  mav  not  be  found  within  many  miles. 

Fig.  60  <p.  84)  givt^  a  s<*ction  of  an  embankment  con- 
etructixl  whon^  the  Ix^t  mat*^rials  were  a  sandj'  gravel  and 
a  nuxierato  amount  of  kuim,  but  abundance  of  gneiss  rock 
and  iHmlilers  wen^  obtainable  close  at  hand. 

lli'To  a  prim'nvj  imU  of  thin  split  stone  was  carried  up 
in  tho  heart  of  the  enil>ankment  from  the  bed-rock,  which 
\\as  n^arlunl  by  trenching.  Eiich  stone  was  first  dashtni 
olt\in  \\  itli  wator,  and  then  can*fully  floated  to  place  in  good 
oi  lurnt  nuM'tar.  and  jviins  taken  to  fill  the  end  and  side 
joints,  and  t^xciH^ling  can*  was  taken  not  to  move  or  in  any 
\\a>  iliMurb  a  stono  aKMit  which  the  mortar  had  begun  to 

ft 

s(  t  No  stont^s  wort^  allowed  to  be  broken,  sjialted,  or 
lunntnonNl  n]x^n  the  wall,  neither  were  swing  chains  dra^n 
oui  tl)i>MKh  tho  K\l  mortar.  The  construction  of  a  water- 
tight xxall  of  lubMo  stone  is  a  work  of  skill  that  can  be 


rfurraed,  but  the  ordinary  layer  of  foundation  ntasoniy 
cement  mortar  seemH  no  more  to  comprehend  it  than 
puld  a  tiddler  at  a  country  dance  the  enchanting  strains 
f  ft  Vieuxt«'mps  or  Paganini. 

Grouting  such  nibble-stone  walls,  according  to  the  usual 

Method,  will  not   accompliali    the  desired  result,  and  ia 

structive  of  the  moat  valuable  properties  of  the  oement, 

,  36:t.  A  Ll^Iit  EiiilMinkmeut.— In  this  embankment 

,  select^'d  loam  and  gravel  wei'e  mixed  in  due  pro- 

brtions  on  the  upper  side  of  the  priming  wall,  bo  as  to 

^ure,  as  ni-arly  as  possible,  iraperviousness  in  the  earth- 

»rk.     The  entire  embankment  was  built  up  in  layers, 

^ad  to  not  exceeding  four  or  five  inches  thickness,  and 

loistened  and  rolled  with  a  heavy  grooved  roller. 

The  cross-section  of  this  work  is  much  lighter  than  that 
Bvised.  by  several  standard  authorities,  both  slopes  being 
I.J  to  1,  but  great  bulk  was  modified  by  the  application  of 
•  xcellent  and  faitlifnl  workmansliip.  This  embankment 
retains  a  storage  lake  of  sixty-six  acres  and  thirtj'  feet 
niaximuni  depth.  It  was  completed  in  1868,  and  has 
proved  a  peifect  success  in  all  i-espects.  This  work  fills  the 
offices  of  both  an  impounding  and  distributing  reservoir,  in 
.a  gravitation  water  sujiply  to  a  New  England  city. 

364.  Distribution  Iteseiroirs. — Distributing  reser- 
voirs ai-e  frequently  located  over  poi-ous  sub-soils  and 
requii-e  puddling  over  their  entire  bottoms  and  beneath 
considerable  portions  of  their  embankments,  and  i)udtile 
walls  are  usually  carried  up  in  the  centres  of  their  embank- 
ments or  near  tlieir  inner  slopes. 

The  same  general  principles  are  applicable  to  distrib- 
uting as  to  storage  resenoir  embankments. 

1305.  Applit-attoii  of  Fine  Siind.— Fig.  58lp.383)illus 
bates  a  case  where  the  bottom  was  puddled  with  clay,  but  a 
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snfficiyncy  of  clay  to  puddle  the  en]l)anknu-iits  was  uot  ob- 
taiuable.  The  embankmeut  is  Itere  constnicl«xl  oi  graieJ, 
ciiarse  Baud,  very  tine  Baud,  and  a  moderate  amount  uf 
loam.  Till-  raat^-rials  were  selected  and  mixed  so  as  ir 
secure  iiiiiH'iriousness  to  the  greatest  possible  extent,  and 
were  put  together  iu  tlie  most  comimct  luaiuier  jxjssible,  uud 
have  prov(?d  successful.  This  has  deiiiou8trat»*d  to  the^t- 
isfaetioii  of  the  writer  that  veiy-  tiue  sand  may  n-place  to  a 
considemble  extent  the  clay  that  is  usually  deniaiidtxi,  and 
his  exi)erience  includes  several  examples,  uiiiotig  wliich,  ira 
a  single  work,  is  more  than  thn'e-foartlis  of  a  mile  of  snc- 
cessfhl  embankment  entirely  destitute  of  clay,  but  t=aiirl 
was  used  with  the  gravel,  of  all  grades,  from  niien>sco]iic 
grains  to  etmi-si:'  mortar  ^and,  and  a  sufficiency  of  loaiu  was 
used  to  give  the  rrquii-ed  adtiesion.  The  outside  slopes 
were  heavily  soiled  and  grassed  as  soon  as  possible. 


^.,<^^^r^ 


.'JOC.  Miwonrj--fiic<Mi  Enibankment. — Wlien  there 
is  a  necessity  for  economizing  r!pace,  one  or  both  sides  of  an 
embankment  may  be  faced  with  masonry. 

An  example  of  such  ci-natniction  is  selected  fW>ra  tlitf 
pnictice  of  a  sucoeRsfnl  engineer  in  one  of  the  Atlantic 
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ates,  and  is  Bhown  in  Fig.  (Jl,  A  method  of  iutroduciug 
lay  puddle  iuto  a  central  wall  in  the  euibankiiifnt,  benealli 
enibankiiK'nt,  and  on  the  rt'sui-voir  bottom,  is  also  here 
«-H.  The  puddle  of  the  ivaervoii-  bottom  is  usaallj' 
BTen*d  with  a  layer  of  Baud. 

3G7.  Concrete  Paving. — The  lower  eection  of  the 
lope  pavmg  of  the  distributing  reservoir,  Pig.  58,  was  built 
1  of  coucrett",  composL'd  of  broken  stone  4  parts ;  coarse 
I  1  part ;  fine  sand  1  part  ;  and  liydmulic  cement  1  jmrt 
!lie  cemfent  and  sand  were  measun-d  and  mixed  dry,  then 
hoist«ned,  and  then  the  stone  added  and  the  whole  thor- 
oughly worked  together,  Tho  cont'icte  was  then  de[)OHited 
and  rammed  in  place,  building  up  from  the  base  to  the  top, 
in  sections  of  about  forty  feet  lengtli.  A  very  small  quan- 
tity of  water  sufficed  to  give  the  concrete  the  projter  cM?n- 
BisttMicy,  and  if  more  was  added  the  concrete  inclined  to 
quake  uuder  the  ramruer,  which  was  au  indica.tion  of  too 
much  water. 

The  general  tliickness  of  the  concrete  sheet  is  ten  inches, 
and  there  is  in  addition  four  ribs  ujion  the  back  side  to  give 
it  bond  with  the  embankment,  and  to  give  it  stiffness,  and 
also  to  check  the  liability  of  the  slu^et  being  lilted  or  cracked 
by  back  pressure  from  wattir  in  tlie  embankment,  when  the 
water  in  tlie  reservoir  may  be  suddenly  di-awn  down. 

The  upper  part  of  the  slope  that  is  exivosed  to  frost  is 
of  granite  blocks  laid  u^mn  bi-okf'c  stone.  The  layer  of 
broken  stone  at  the  wave  line  is  fifteen  inches  thick,  which 
is  none  too  great  a  thickness  to  prevent  tlie  waves  from 
sucking  out  earth  and  allowing  the  paving  to  settle, 

368.  Eiul>anknient  Shiires  and  Pipes. — Aiched 
sluices  have  been  in  many  ca,ses  built  through  the  founda- 
tion of  the  embankment  and  the  discharge  pipes  laid  therein, 
and  then  a  masonry  stop-wall  built  around  the  pipes  near 
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the  upper  end  of  the  sluice.  By  this  plau  the  pipes  m 
open  for  inspection  from  the  ouhude  of  the  enibankuK^nt  up 
to  tlie  stop  wall.  If  the  sluice  is  uot  circular  or  elliptical, 
its  Hoof  should  be  counter-arched,  and  its  sides  made  strong, 
to  resist  tlie  great  pressure  of  the  water  that  may  saturate 
tlie  earth  foundation. 


Siich  a  sluice  is  sometimes  built  in  a  tunnel  through  the 
hillside  at  one  end  of  the  embankment.  The  latter  plui, 
when  the  upi^r  end  of  the  tunnel  is  tlirongh  rock,  is  the 
Siiii'r  of  the  t^vo,  otherwise  there  is  no  place  where  it  can  be 
nu'H'  Siifrly  fimnd(-d,  constructed,  and  puddled  arouuJ, 
tliaii  wiu'u  it  is  luiih  njxin  the  uncovered  foundation  of  the 
cniNiiiknient,  either  at  the  lowest  point  in,  or  upon,  oue 
side  of  tiie  valley,  since  everj-  facility  is  then  offered  for 
ihoixnigli  work,  wiiioh  cannot  so  easily  be  attained  in  an 
earth  tunnel  obstruct»*(l  by  timber  supports. 

A  v-ir<'ular  or  rwtaugular  well  rising  above  the  water 
stirface.  i?;  usually  built  over  the  upper  end  of  the  sluice, 
ami  contains  the  valves  of  the  discliaige  pipes,  and  inl^ 
sluices  at  ililTen>nt  heights,  admitting  water  to  the  pipes 
In»ni  dilfery'nt  jHMiits  Ix'low  the  surface  of  the  reservoir, 

\Vhen  tiie  sliiict'  i?  use«l  for  a  waste-sluice,  also,  the 
!«to]>  wall  is  otiiittrtl,  and  the  sluice  well  rises  only  to  the 
Acir  cn>st  level,  or  has  o]ienin^  at  that  level  and  an  addi- 
tional  otx-nini:  at  a  U'»er  level  controlled  by  a  valve. 
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SometlmcB  heavy  caBt-iron  pipes,  for  both  delivery  and 
waste  purposeB,  are  laid  in  the  earthwork  instead  of  in 
sliiices,  in  wliich  case  tlie  puddle  sliould  be  raniiiied  around 
tliein  with  tiioroughnesH.  In  this  latter  case  tliey  should  be 
Ifsted,  ill  place,  under  water  pressure  befi)n'  being  covered. 
A  suitable  hand  foi-ce-pump  may  be  used  to  give  thr 
requisite  pressure  if  not  otherwise  obtainable.  Bell  and 
socket  pipes  with  driven  lead  joints  are  used  in  such 
cases,  and  projecting  flanges  are  cast  around  tlie  pijies  at 
intervals. 

The  method  of  laying  and  protecting  discliaige  pipes,  as 
shown  in  Fig.  60  (p.  84),  has  been  adopted  by  tlie  writer  in  sev- 
eral instances  with  very  satisfactory  i-eaults.  A  foundation  of 
masonry  is  built  up  from  a  firm  earth  stratum  to  receive  the 
pipes,  and  then  wlien  tlie  ])ipos  liave  been  laid  and  t**sted, 
tliey  are  covered  with  masonry  or  concrete.  In  such  case 
(lie  sides  of  the  masoniy  are  not  faced,  and  iK)inted.  or  plas- 
tered, but  the  stones  are  purposely  left  projecting  and 
recessed,  and  the  covering  stones  are  of  unequal  lieiglits, 
making  irregular  surfaces.  This  method  is  more  economi- 
cal in  constniction,  and  attains  its  object  more  successfully 
than  tlie  faced  breaJc-walls  sometimes  projected  fi-om  the 
Eides  of  gate-chambers  and  sluices, 

The  puddle  or  core  material  is  rammed  against  the  ma- 
sonry in  aU  cases,  so  as  to  till  all  interstices  solid.  Tliis 
]M)rtion  of  tbe  work  demands  the  utmost  thoroughness  and 
faitlifulness ;  and  with  such,  the  structure  wHl  be  so  far 
reliable,  and  otherwise  may  be  uncertain. 

369.  Gate  Chaniliers. — Wlien  an  impounding  leser- 
voiris  deep,  requiring  a  liigh  embankment,  it  is  advisable 
to  place  the  effluent  chaiuber  upon  one  side  of  the  valley 
toward  tbe  end  of  tbe  embankment,  with  the  effluent  pipes 
for  ordinary  use  only  as  low  as  may  be  necessary  to  draw 
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the  lake  down  to  the  assumed  low  water  level,  as  ia  Fig.  fS&, 
nhowing  the  inside  slope  of  an  embaokment. 

A  waste-pipe  for  drawing  off  the  lowest  water  is,  in  such 
va^,  extended  from  the  front  of  the  effluent  chamber,  aide- 
ways  down  tlie  slope  and  side  of  the  valley  to  the  bed  of 
its  old  channel,  and  is  titled  with  all  details  necessaiy  for  it 


to  ixrfonn  the  offici-  of  a  ^ii>hon  when  there  shall  be  occa- 
sion to  draw  the  n's^'noir  lower  than  the  level  of  the  gate 
cliJUiilHT  tltxir.  By  such  arrangtnnent  the  pipes  may  pass 
tlintnsrh  the  embaiikinont.  or  thmiiph  a  sluice  or  tunnel  in 
(iie  side  of  a  hill  at  a  level  twenty  or  twenty-five  feet  above 
I  he  WhI  of  the  valley. 

\V  hoii  II  valve-ehaniber  is  built  up  from  the  inner  toe  of 
Ihei'iiilvinknient,  f^  that  the  water  surrounds  it  at  a  higher 
le\el.  ]mnisioii  must  be  made  for  the  loe-thrust,  lest  it  crowd 
luiek  towjinl  ihe  embankment  the  upper  portion  sufficiently 
li>  nirtke  a  enok  in  the  wall :  and  precantioD  must  also  be 
(Mketi  lo  pn'voiil  Ihe  ice  lifting  bodily  tfae  wtu^  top  of  the 
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l)anib(.T  when  the  water  rises  in  winter,  as  it  asoally  does 
I  large  storage  reseiToirs. 

'I'he  writer  has  usually  connected  the  gate-houso  with 
■  embankment  by  a  solid  pier,  when  there  would  otlier- 

?  be  opportunity  for  tlie  ice  to  yield  behind  ttie  chamber 
'  elipping  up  the  jiaving,  as  it  expanded,  and  thus  en- 
anger  the  gate-chamber  masonry. 

There  are  inlets  through  th*^  front  of  the  effluent  chamber 
shown  in  Fig.  63.  at  different  depths,  i)ermitting  the  water 
to  be  drawn  at  different  levels. 

These,  when  the  volume  of  water  to  be  delivered  is  small, 
may  be  pieces  of  flanged  cast-iron  pipe  built  into  the 
masonry,  with  stojvvalves  bolted  tJiercon,  but  usuallj'  are 
rt'etangular  openings  with  east  -  iron  sluice  -  valves  and 
fnimes  (Fig.  64)  securi'd  at  their  inside  ends.  Tiie  seat  and 
bearing  of  the  valves  are  faced  witli  a  bronze  composition, 
which  is  planed  and  scraped  so  as  to  make  wat^'r-tifciit 
joints.  The  screw-stem  of  the  valve  is  also  of  composition, 
or  aluminum  or  manganese  bi-onze. 

If  such  a  valve  exceeds  2'-3"  x  2-9"  in  area,  or  is 
under  a  pressure  of  more  tlian  twenty  feet  head,  some  form 
of  geared  motion  is  usually  necessary  to  enable  a  single 
man  to  start  it  with  ease. 

It  is  usually  advisable  to  increase  tlie  number  of  valves 
ratlier  than  to  make  any  one  so  large  as  to  be  unwieldy  in 
the  hands  of  a  single  attendant,  even  at  the  expense  of  some 
frictional  head. 

The  stem  of  the  small  valves  usually  passes  up  through 
a  pedestal  resting  on  the  floor  of  the  chamber,  and  through 
a  nut  in  the  centre  of  a  hand-wheel  that  revolves  upon  the 
pedestal. 

tThe  outside  edge  of  each  valve-frame  should  be  so  fonned 
t  a  temporary  wood  stop-gate  might  be  easily  fitted 
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Fio.  64. 


against  it  by  a  diver,  in  case  a6cident  required  tlie  removal 
of  the  valve  for  repairs.  The  chamber  might  then  be  readily 
emptied  and  the  valve  removed,  without  drawing  down  the 
lake. 

Upon  the  back  of  the  valve  (Pig.  64)  are  lugs  faced  with 
bronze,  and  upon  the  frame  corresponding  lugs,  both  being 
arranged  as  inclined  planes,  and  their  office  is  to  confine  the 
valve  snug  to  its  seat  when  closed. 

If  the  valve  is  secured  to  the  side  of  the  opening  opposite 
to  that  which  the  current  approaches,  or  to  the  pressun\ is 

bolts    must    enter   deep    into  or  ja??* 
through  the  masonry. 

A  slight  flare  is  usually  given  to  the 
sluice-jambs,  from  the  sluice-frame  out- 
ward. 

370,  Sluice- Valve  Areas.— WTien 

the  head  is  to  be  rigidly  economized, 

the  submerged  sluice-valve  area  must 
bt*  sufficient  to  pass  the  required  vol- 
ume of  water  at  a  velocity  not  exceeding 
alx)ut  five  lineal  feet  per  second ;  when 
the  loss  of  head  due  to  passage  of  the 
valve  \rill  not  exceed  about  one-half 
foot. 

If  Q  is  the  maximum  volume,  in  cu. 
ft.  jx^r  second  :  <Ss  the  area  of  the  sluice 
in  square  ft^t :  r,  the  assumed  maxi- 
mum velocitv ;  then 


can 


A-,i 


Q  =  c8v, 


(1) 


»t 


mov  *» »  «*  *•>  ^»  ^  * 


in  which  r  is  a  coefficient  of  contraction. 
That  may  Iv  taken,  for  a  mean,  as  equal 
to  .TO  for  ordinary  chamber  duices. 
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From  thia  equation  of  Q,  we  derive  that  of  area, 


(2) 


Let  §  =  70  cubic  feet  per  second ;    t  =  B  lineal  feet 

r  second ;  then  we  have  ~  =  20  jqnare  feet  area,  and  we 

may  make  the  valve  opening,  say  4'  x  5'. 

If  tliere  are  a  inimber  of  valves,  whose  respective  areas 
are  s„  S2,  s^ . . . .  s„,  then 

O 

^-  —  «.  -4-  je.  -I- 


.  +««. 


(3) 


or  advisedly  we  sliould  give  a  Bliglit  excess  to  the  sum  of 


areas  and  make  j,  +  s^  +  s^  ■ 


S.>; 


371.  Stop-Valve  Indieutor — When  a 
used,  ijistead  of  a  sluice-valve  whose  screw 
the  hand-wheel,  it  is  usually  desir- 
able to  have  some  kind  of  an  indi- 
cator to  show  how  nearly  the  stoj)- 
valve  ia  to  full  open. 

Fig.  65  illustrates  such  an  indi- 
cator attached  to  the  hand- wheel 
standard,  as  manufactured  by  the 
Ludlow  Valve  Co.,  at  Troy,  N.  Y. 
A  worm-screw  upon  the  valve-stem 
revolves  the  indicator- wheel  at  the 
side  of  tlie  standard,  and  indicates 
the  various  lifts  of  the  valve  between 
shut  and  full  open. 

'3Ti.  Power  Required  to  Oiieii 
a  Valve. — Tlie  theon'tical  comjiuta- 
tion  of  the  powi-r  nquind  to  stait  a 


stop-valve  is 
rises  through 
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closed  vftWe,  wlien  it  is  pressed  to  its  seat  by  a  head  of  wata 
upon  one  Bide  and  eubjeot  ordy  to  atmospheric  pnjssuiv  m 
the  other  side,  is  attended  with  some  uncertaiaties  ;  uevertlia. 
less  this  computation,  subject  to  sucli  {coefficients  as  experi- 
ence suggests,  Ih  a  valuable  aid  when  proportiouiDg  the  paitt 
of  new  dcaigns. 

Take  tlie  case  of  the  metal  sluice-valve,  Fig,  64,  raised 
by  a  screw,  with  its  nut  placed  between  collars  in  the  top 
of  a  pedestal,  and  revolved  by  a  hand-wheel,  and  let  tie 
centre  of  water  pressure  upon  tlie  valve  be  at  a  depth  of 
30  feet  Let  the  size  of  valve-oi)ening  be  2-6" x  2-9",  the 
pitcli  of  tlie  screw  .75  inch,  and  the  diameter  of  the  haod- 
wheel  30  inches. 

The  weight  liaa  to  slide  along  the  spiral  inclined  plane 
of  the  screw,  but  its  actual  advance  is  in  a  vertical  line,  the 
pitch  distanre,  for  each  revolution  of  the  screw. 

The  i>ower  is  applied  to  tlie  liand-wheel,  which  is  equiva- 
lent to  a  lever  of  length  equal  to  ite  radius,  moving  throngh 
a  horizontal  (listance  etjoal 
P'^-  ^  to  the  circumference  of  ita 

circle  (=  radius    x   0.2K1) 
and    a    vertical     distance 
Y  equal  to  the  pitch  of  the 

screw. 
The  distance  d,  moved  through  by  the  power  in  each 
revolution,  is  the  hypothenuse  be,  Fig.  60,  of  an  angle 
whose  base,  ab,  equals  the  circumference  of  ita  circle,  and 
whose  jierpendicular,  ae,  equals  the  pitch  of  the  screw  = 
f'circamference'  +  piteh'  =  d. 

Let  ifi  be  the  weight  in  lbs.;  p  the  pitch,  in  inches  ;  d  the 
diatancf!  moved  by  the  power  per  revolution,  in  inches,  and 
P,  the  power,  in  foot-p<Junds.- 

According  to  a  theory  of  mechanics,  t^ 
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^  Vel  of  Power  :  Vel.  of  Weight  ::  Weight  :  Power;  or, 
d  :  p  •.;       w        :       P. 

The  weight,  in  this  case,  iaclndes  the  actnal  weight  ot 
i  iron  vaive  and  its  stem  ;  its  friction  upon  its  Feal  dm;  to 
i?  pn-ssure  of  water  upon  it ;  the  friction  of  the  scit'w  npoii 

B  nut,  and  tlie  friction  of  tiie  nut  upon  its  collar.     Tliese 

e  compjite  as  follows  i 


I 


WeiLl'l  ot  xaWe.  asauDii^ 

=      itonibe. 

Priniou  r.f  vnlve  { inWlJ  Ibe-  pt*s.  >  (wf.  20) 

:=    3004  ■• 

Fru-ti-ii  ..t  Brrfw  (30(1  +  3091)  y  <v*l.  20 

=      07B   " 

PriWdon  "f  irnt  i300  +  8l«14)  -  oiet.  15 

=      001    " 

Tiilal  r<iiiivHli'iit  wi'iglil,  tr 

=     4ST4   ■■ 

Distance  ..f  po«er.  ri  =  |eirriun,'  -  pitdi't* 

=    B425iuchPa. 

Pitch 

=       .73      '■ 

In  the  form  of  equation, 

i'=^  =  i^rjF^»  =  36.4  11,8.  (4. 

d  04.25  ^ 

Theoretically,  this  power  applied  at  the  circumference 
of  the  hand-wheel  would  be  just  upon  the  point  of  inducing 
motion,  or  if  this  power  was  in  nuifomi  motion  around  tlie 
scn'W,  it  would  just  maintain  motion  of  the  weight.  'Hie 
theory  here  admits  tiiat  the  scn^w  and  nnt  are  cut  truly  to 
their  incline,  aud  that  tliere  is  no  binding  between  them  due 
to  mechanical  imiH'rfection, 

When  two  metal  faces  remain  pressed  together  an  ap- 
preciable length  of  time,  the  projections  of  each  enter  into 
the  oppomte  recesses  of  the  other,  to  a  certain  extent  Tliese 
pmjpi^tions  of  the  moving;  weight  must  be  lifted  out  of  Im-k, 
and  the  inertia  of  the  weight  must  be  overcome  before  it 
can  proceed.  Metal  valves  usually  drop  against  an  inclined 
wedge  at  their  baric  that  presses  thera  to  their  seat,  and 
(here  is  al.^o  a  fibre  lock  with  this  wedge,  or  "  stick."  as  it 


H  uiere  is  ii 
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is  commonly  called,  accoi-ding  to  the  force  with  which  the 
valve  is  screwed  home. 

Hence,  the  power  required  to  start  a  valve  is  often  double 
or  treble,  or  even  quadruple  that  that  would  theoreticallj 
be  required  to  maintain  it  in  motion  the  instant  after  slan- 
ing.  The  equation  for  starting  the  valve  in  snch  case  may 
become, 


^IDp 


=p.  (t) 


The  computed  distance  which  tlie  power  moves  per  revo- 
lution (9425  inches)  i-quals  7.854  feet,  and  the  comi-uW 
power  36.4  lbs.  If  twenty  revolutions  of  the  hand-whi-el  are- 
made  per  minute,  tlien  the  power  exert<^  is  theoretically 
7.854  ft;.  X  20  rev.  x  36.4  lb.  =  6717.7  foot-i)Ouuda  per  minute. 
This  is  a  little  more  than  one-sixth  of  a  theoretical  horse- 
power. 

If,  for  the  hand-wheel,  which  revolves  the  nut,  there  is 
substituted  a  apur-gear  of  equal  pitch  diameter,  and  inlo 
tliis  meshes  a  pinion  of  one-third  this  diameter,  and  the 
same  liand-wlteel  Is  placed  upon  the  axle  of  the  pinion,  tlieii 
tlie  new  power  required  will  be  reduced  proportionally,  aa 
the  square  of  diameter  of  the  pinion  is  rednce<l  from  the 
square  of  diameter  of  tlie  spur,  or  in  this  case,  one-nintli. 

37:J.  Adjustable  Effluent  Pii>e.  — An  adjustable 
effluent  pipe,  capable  of  i-evolving  in  a  vertical  plane,  and 
connected  directly  to  the  main  supply  pipe,*  is  ^liown  [n 
Fig.  60  (p.  84), 

This  adjustable  pipe  is  constnicted  of  heavy  sheet  cop- 
per, and  is  sixteen  inches  in  diameter.     Upon  its  end  ie  a 

■  This  ingenious  form  of  flexible  joint  was  siiKpesied  fi  ihp  writer  by  Hon. 
Alba  F.  Smilh,  one  of  our  iniwt  able  .\iiicrii-aii  tnecliajiical  ragineen.     Mr.    | 
Smith  dmiimi-d  ihin  joint   many  years  8^.1.  atiil  nwil  it  M  wftteriug  aUtioiu 
upon  tbe  HudH)n  River,  und  oilier  railnindi'  under  bin  cliarge. 
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yforated  bulb,  tlirough  which  the  water  enters  thf  piiw. 
The  luovable  section  of  the  pipe  is  couiit*'r- weigh  ti'd  within 
file  I'haiuher,  bo  tlie  bulb  can  be  set  at  any  deBir<?d  depth 
111  t,he  water,  or  raised  out  of  water  to  the  ])latfomi  upon  the 
cliainber.  for  cleaning,  expeditiously  and  (asily  by  a  single 
attJ'ndant.  This  ajTangemeiit  has  ojierated  most  aatisla*- 
Uifily  during  the  eight  years  since  its  completion,  and  di. 
livci-s  tlie  water  supply  for  about  18,000  inhabitants. 

Equivalent  devices  have  biH'n  adopted  in  stweral  in- 
Btances  in  Europe  and  in  India,  and  they  are  especially 
applicable  to  cases  where  the  impouudiug  i-eservoirs  are 
also  the  distributing  reservoirs,  without  the  intervention  of 
fdtering  basins,  aud  to  cases  where  the  surface  fluctuates 
fn^quently,  rapidly,  or  to  a  considerable  eartent. 

When  a  sudden  or  consideiable  decrease  of  the  tem- 
perature of  the  air  chills  the  quiet  reservoir  water  surface, 
and  thus  induces  a  veitical  motion  in,  or  shifting  of  position 
iif  the  wliole  mass  of  water,  the  bulb  may  be  made  to  fol- 
low the  most  wholesome  stratum. 

If  the  impounded  water  is  to  lie  led  to  filter-beds  or  to 
one  or  more  distributing  reservoirs,  then  the  discharge- 
pipes  lead  directly  from  the  effluent  chamber. 

3'V4.  Fish  Screens.— In  the  chamber,  Fig.  67,  is  shown 
a  set  <tr  lisii-screens,  arranged  in  panels  so  as  to  slide  out 
readily  for  cleaning.  The  finer  ones  of  the  double  set  are 
of  No.  15  copper  wire,  six  meshes  to  the  inch,  and  the 
coarser  ones  of  No.  12  copper  wire,  woven  as  closely  as 


Figs.  67  and  68  show  a  plan  of  and  a  vertical  section 
through  an  influent  chamber  of  a  distributing  reservoir. 
The  pipes  d  d  deliver  water  from  the  impounding  reser 

troir,  or  may  be  force  mains,  leading  from  pumping  engines 
to  the  chamber  A.    Ttie  main  chamber  is  divided  in  two 
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Fii.  BT- 


parte.  for  convenience  in  inauagi.>ment  wlien  there  are  ser- 
eral  delivery  pipes.  There  are  sluices  k  Xr,  controlled  ty 
valves,  til  mugli  which  the  water  may  he  ailniitteil  to  thr 
resi?n'oir  C.  There  is  also  a  weir,  /,  over  which  water  mav 
be  paased,  instead  of  tlirough  the  sluices. 


Grooves  are  prepared  in  i-ach  section  of  the  main 
ber  for  a  double  set  of  sci-eens.  «s. 


1 
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5  is  a  wash"  cbamber,  and  e  a  waste  pipe,  and  w  a  wastJ? 
I  Orerflow  weir, 

A  frr-st  curtain,  m,  is  placed  in  &ont  of  the  inflow  weir, 
Wto  prevent  tlie  wat*?r  BUrface  in  the  cliaraber  from  fret'zing, 
Lif  the  pumps  are  not  in  operation  dtirlug  winter  nights. 

There  are  drain  jtipes,  p,  leading  from  the  sections  of 
he  main  chamber  to  tJie  waste  well. 

Ill  the  dividing  partition  is  a  sluice,  with  valve  so  that 
be  wliole  cliamlwT  may  he  connected  art  occasion  requires. 
1  A  distributing  reservoir  effluent  cliamber  might  be  simi- 
br  to  the  above,  emitting  the  waste  chamber,  weirs,  and 
■ost  curtain  ;  tlte  direction  of  tlie  current  would  in  this  case 
be  n-versed,  of  course. 

In  tlie  effluent  chamber  of  the  i-eservoir  showTi  in  Fig.  58, 
a  ch:'ck-valve  is  placed  in  the  effluent  pipe,  bo  tliat  wlien 
the  pnmps  are  forcing  water  into  the  distribution  ])ipe8 
antund  tlie  rewrvoir,  with  direct  pressure,  the  water  will 
not  H'tnrn  into  the  reservoir  by  tlie  8U})p]y  main. 

375.  (Jale-t'haniber  Foutiilatioiis. — Gate-chaniberB 
built  into  the  inner  slope  of  an  earthwork  embankment  will 
intrfMlnce  an  element  of  weakness  at  that  point,  unless 
intelligent  care  is  exercised  to  prevent  it. 

Any  after  settlement  along  the  sides  of  the  foundation 
or  walls  of  the  chamber  separates  the  earth  from  the 
masonry,  leaving  a  void  orloow  materials  alon^  the  side 
of  the  masonry,  which  permits  the  water  of  the  reservoir  to 
percolate  along  the  side  to  the  back  of  the  chamber,  under 
the  full  head  pressure. 

Tlie  stratum  of  earth  on  which  the  foundation  resta 

ehould  be  not  only  impen'ious.  but  bo  firm,  or  made  so 

firm,  that  no  settlement  of  the  foundation  can  take  plaice. 

I  If  the  chamber  is  high  and   heavy,  the  footing  coui-sea 

1.  Bbould  be  e.Ytended  on  each  side  so  as  to  distribute  the 
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weight  Oil  ttU  urea,  of  enrth  larger  than  the  setaion  of  llie 
chauibtT. 

Tile  luuudation  of  the  chamber  is  to  be  water-tight,  and 
capable  of  reeistiflg  succesafully  tlie  upward  pressiin;  uijijii 
its  bottom  due  to  the  head  of  water  in  the  ifserrttir,  wk'n 
tlie  chamber  is  empty. 

3~<».  Fouudiitioii  Coiierete. -— The  use  of  befo/i,  or 
hydi'atUic  conerpte,  is  oft<'n  advisable  for  Uie  bed-course  of 
a  valve-cliani>>er  foundation,  to  aid  in  distributing  tlie 
weight  of  the  structure  anil  in  securing  a  water-tight  ttont. 
Tlie  composition  of  the  concreU;  ia  to  lie  proportioned  fi» 
these  especial  objects.  Concrete  for  a  n-vetment,  demands 
weight  as  a  sjjecial  element ;  for  a  lint<'l,  tensile  sti-engtli; 
for  an  arch,  compn'saile  strength  ;  but  for  the  aubmei^ged 
foundation  of  a  gat«'-cliamber,  imperrdoiisness,  which  will; 
ensure  sufficient  stii'iigth. 

The  volume  of  cement  ahoold  eqoal  one  and  one-tbiid 
times  the  volume  of  voids  in  the  sand.  The  volume  of  mor- 
tar aiioiild  equal  one  and  one-tliird  times  the  volume  of 
voids  in  the  coai-se  gmvel  or  bi-oken  stone.  The  cement 
and  sand  should  be  hi-st  tlioi-oughly  mixed,  then  teuipeivd' 
with  the  pi-oper  quantity  of  water  equally  worked  in,  and 
then  the  uioitar  should  be  thoroughly  mixed  vnl\\  tlw 
coarse  gravel  or  broken  stone,  which  should  be  clean,  anl 
evenly  moistened  or  sprinkled  before  the  mortar  is  intro- 
duced, None  of  the  inferior  cement  so  often  appearing  ia 
the  market  should  be  admitted  in  this  class  of  work.  Good 
hydraulic  lime  may  in  some  cases  be  substitated  for  ft 
Btnall  portion  nf  the  cement,  say  one-third. 

The  concrete  slionld  be  rammed  in  place,  but  never  by 
a  piYK-ess  that  ivill  disturb  or  move  concrete  previously 
rammed  and  partially  set.  A  very  moderate  amount  (rf 
water  in  the  concrete  PufTices  wlien  it  1;^  to  l>e  mnimed. 
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377.  Chamber  Walls.  — Fine -cut  beds  and  buiids, 
hammered  end  jomts,  and  coursed  work,  iu  tliaiuber  ma- 
BOnry,  make  espenaive  structureB,  but  even  sucli  work  is 
liafdly  made  water-tiglit  by  a  poor  or  careless  mechanic. 
A  great  deal  of  skill  and  care  must  be  brought  into  requi- 
Bit'on  to  make  a  rubble  wall  water-tight. 

Imperviousness  is  here,  again,  a  special  object  sought. 
Tliat  a  wall  may  be  imj^n-ious,  its  nioj-tar  must  be  imper- 
vious ;  its  voids  must  be  coinimctly  tilled,  every  one;  its 
stont'6  must  be  cleaned  of  dust,  moistened,  laid  with  close 
joints,  and  well  bedded  and  bonded ;  and  no  stone  must 
be  shaken  or  disturbed  in  the  least  after  the  mortar  has 
"begun  to  set  ai-ound  it. 

Stone  must  not  be  broken  or  hammered  upon  tlie  laid 
wall,  or  other  stones  will  be  hmsened.  Stones  slioidd  be  so 
lewised  or  swung  that  the  bed  or  joint  moitar  shall  not  be 
disturbed  wlien  the  stone  is  floated  into  place. 

The  plan  occasionally  adopted  of  gi-outing  several  courses 
at  tiie  same  time  with  thin  liqiud  gi-out,  miglit  answer  in  a 
cellar  wall  when  the  object  was  to  prevent  rata  from  peram- 
bulating through  its  centn-,  but  it  is  unreliable  in  a  cham- 
ber or  tank-wall  intended  to  resist  percolation  under  pres- 
sure. Skillful  workmanship,  in  hydraulic  masonry,  ia 
cheaper  than  expensive  stock. 
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378.  Canal  Bauks.— The  stored  waters  of  an  impound- 
ing reseiToir  are  sornetinn's  conveyed  in  aa  ox>en  canal 
toward  tiie  distributing  reservoir,  or  the  city  where  they  are 
to  be  consumed,  or  for  the  purposes  of  irrigation.  The 
theory  of  flow  in  such  cases  lias  been  already  discussed 
(Chap.  XV). 

The  subsoils  over  which  the  canal  leads  require  carefnl 
examination,  and  if  they  are  at  any  i)oint  so  open  and 
porous  as  to  conduct  away  water  from  tlie  bed  of  the  ciiiwl, 
tlie  b(?d  and  sides  must  l»e  lined  with  a  layer  of  puddle 
pi'otect<'d  friim  frost,  as  in  Pig.  89,  showing  a  section  of  a 
puddled  chaauel  in  a  side-hill  cut. 


The  retaining  channel  bank  on  tlie  down-hill  side  is  con- 
structed upon  the  same  principles  as  a  reservnir  embank- 
ment {§  351),  the  chief  objects  being  to  secure  solidity, 
imperviousness,  and  pennaiWnce. 
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^P  A  longitndinal  drain  alung  the  upper  elope  of  side-hill 
BMtions  will  prevent  the  washing  of  soil  into  the  canal, 
riii^  water  slnpes  will  reqnire  revetmenta  (»r  jmving  from 
thret^  feet  below  low-water  to  two  feet  above  high-water 
line,  and  jiaving  or  rubbling  down  the  entire  slope  at  their 
concavi'  curves. 

Substantial  revetments  or  x>aving8  of  souitd  stone  are  the 
most  economical  in  the  end. 

Revetnienta,  built  up  of  bundles  of  fascines  laid  witli 
I'liils  to  the  water  and  each  layer  in  height  falling  Imck 
with  tlie  slojM'  line,  liave  btn-n  used  to  some  extent  on  the 
banks  of  canals  of  transport,  and  on  dykes.* 

If  the  sloi^s  are  rip-i-apjied,  or  pitched  with  loose  stone, 
the  slopes  must  be  sufficiently  fiat,  so  the  waves  and  the 
frost  will  not  work  the  stones  down  into  the  water,  and  de- 
mand constant  repairs. 

The  retaining  canal  banks  of  tbe  liead  races  of  water- 
powera  have  sometimes 
a  longitudinal  i-ow  of 
jointed-edged  sheet-piles 
through  their  centre.  The 
Belectifl  mixed  earth  is 
compactly  settled  on  both 
sides  of  this  piling,  at> 
shown  in  Fig.  70.  Such 
piling  t^'uds  to  insure  im- 
pervionsness.  prevent  vermin  from  burrowing  tlirough  the 
bank,  and  lusts  a  long  time  in  compact  earth. 

rj~9.  Incllnationi*  and  Vt'loeities  iu  Practiee. — 
The  nnrevetted  trapezoidal  canals  in  earthwork,  for  water- 

*  Firfr  illnsl ration  of  Fckw  PyVe  in  Ptevenwin'g  Canal  and  Biver  Rnglneer- 
\iig.  p.  IH.  Edinbunrh,  1873;  and  MinrfBsippi  Rivur  Djkt  at  SaBjer'a  Bend, 
Bf  port  Cbief  of  U.  8,  Engineers.  June  80,  1873. 
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supplies,  irrigation,  and  for  hydraulic  i)ower,  except  iB 
water -powers  of  great  magnitude,  have  sectional  areae^ 
respectively,  between  500  and  50  square  feet  limits,  and 
hydraulic  mean  radii  between  7  and  2.5. 

In  such  canals  the  surface  velocities  range  between 
5  feet  and  2  feet  per  second,  and  the  inclinations  of  surface 
between  .75  feet  (=  .000104)  and  3.5  feet  (=  .000663)  per 
mile. 

Practice  indicates  that  the  favorite  surface  velocity  of 
flow,  in  such  straight  canals,  is  about  2.5  feet  per  second, 
in  canals  of  about  five  feet  depth,  being  less  in  shallower 
canals,  and  increased  to  3.5  feet  per  second  in  canals  of 
nine  feet  depth. 

Only  very  firm  earths,  if  unprotected  by  paving  or  rub- 
ble, will  bear  greater  velocities  without  such  considerable 
erosions  as  to  demand  fi*equent  repairs. 

Burnell  states*  that  the  inclinations  given  to  the  re- 
cently constructed  irrigation  canals  in  Piedmont  and  Lom- 
bardy,  varies  from  y^Vfl  (=000625)  to  ^gVir  (=  .<^H)0278j; 
but  that  inclinations  frequently  given  to  main  conductors 
in  the  mountainous  districts  of  the  Alps,  Tyrol,  Savoy, 
Daupliine  and  Pyrenees,  is  -^^-^  (=  .002). 

In  tlie  numerous  sluillow  irrigation  c^anals  in  Spain, 
Italy,  and  northen  India,  a  mean  velocity  approximating 
three  feet  per  second  is  necessary  to  prevent  a  luxuriant 
growth  of  weeds  on  the  bottoms  and  side  slopes  of  canals 
in  (nirtli.  This  often  necessitates  paving  at  the  curves. 
Mean  velocities  as  great  as  twelve  feet  per  second  are 
usually  the  maximums  allowable  in  brick  or. mortared 
rubble  lined  canals. 


liudimeiiTs  of  Ilv<lniuli('  Kn^'m^'<Tinj2:,  p.  127.     London,  1858. 
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381.   Table  of  Data  of  Lined  Canals.— The  di- 

tnensions  and  coefficients  of  a  few  well-known  canals  are 
given  in  Table  No.  79,  as  illustrative  of  the  general  practice 
in  various  parts  of  the  wr)rld,  relating  especially  to  water- 
Bupi)ly  and  irrigation. 

TABLENo.79. 

Coefficients  of  Flow  of  Lined  Channels  (at  medium 

velocities). 


I^ocality  and  Lininf^f. 


Surf. 
i  Width 


Montprlier  Aq  ,  concrete . 

Mill  Race,  sandstone  masonry.. 

Gouten,  dry  rub>>le  

Bernese,  dry  rubble  

Mill  Race,  dry  rubble — 

Test  Channel,  neat  cement 

*•  '*         cement  mortar    . 

Dijon,  cement  mortar  

Chaztlly,  smooth  ashlar  

Tail  Race,  dry  rubble  ...  —  . .  ■ 

Aqueduct,  dry  rubble  

Mill  Race     ' 

Pont  Pyla  Aq  ,  cement  mortar.' 
Grobots  Canal,  hammered  stone 

Meiz  Aq  ,  cement  mortar 

Mill  Race,  ccm<-nt  niort;ir 

Dhuys  Aq.,  cement  m<'it:ir. 

Roquencourt  Aq.,  cement  mor- 
tar   

Pont  du  Gard.  cement  mortar.. 

Cochitu;ite  Aq..  bricks 

Vanne  Aq  ,  circular,  concrete  . 

Riiquefavour  Aq.,smooih  bricks 

Gmbois  Canal,  smooth  ashlar.. 

Au  de  Craa,  smooth  ashlar  . . . . 

Washinf^rton  Aq  .  circular,  brick 

Sudt>ury  Conduit,  brick  

Grot'  »n  old  Aq  ,  brick  

Sudbury  conduit,  brick;   

Brooklyn  Aq  .  brick 

Lock  Katrine  Aq.,  brick 

Croion  New    Aq  .  I>rick 

Solani  Aq  ,  brick  flotir,  m  isonry 
sides     

Turlock,  rock-cut 


1 .00 

1.08 
.00 
.90 


6. 

5- 


,87 
.92 


4.04 


a.oa 

1.83 

10.30 

3-9 
3»7 


3.92 
4.00 
5.00 
5-63 
7.40 
6. 50 
8.50 
9.00 

7  4»7 
9.000 
10  00 
8.00 


85  00 


Depth 

of 
Water 


0.500 

.500  ' 

.7'X)  I 
.590  I 
.610  j 

I 
.500  I 
.690  I 
.810  I 

T.  310 
1  833 
I  .203 
1  .600 
2.167 
2.040 


a.  583 
333 
333 
000  I 
500 
120 
<x»o 

465 
768 
083 
300  . 
.000 
6.850  I 
9.200  I 


0.250 
.308 
.320 
.320 

•345 
.363 

•379 
.407 
.410 

.4«9 
.48(1 
.576 
.611 
.8(0 
.880 

•9«5 
•977 
.984 

1. 115 
1.250 
1.417 

1.482 

«  504 
1.60 

«-774 
1.874 
III 

345 
459 
524 
5*5 
ou6 


5.600 


5.U00 

5.yOO 


i,  in  ft 
per  1000 

I   ft. 


0.300 
1.400 

42.350 

34.000 

3.100 

1 .500 

1.500 

.•;40 
8.100 
2.5I.IO 

4.500 

3.  too 

I  660 

14.600 

12  100 

I  .000 

.500 

.100 

.300 
.400 
.050 
.  100 
3.720 

•347 
.840 
.150 
.158 
.aio 
.200 
.100 
.158 

.240 
i.5«> 


V 

feet 

tn 

c 

per  sec. 

0.716 

.00042 

89.44 

».378 

. 0 1 46044 

66.10 

9  446 

•0099379 

80  50 

6.560 

.«>!  1622S7 

63.00 

X.250 

•o55559<> 

38.20 

3.070 

.003877 

128. go 

2.870 

.005622 

120.50 

2.081 

.005688 

116.40 

5  730 

.C06395 

100. 70 

1.643 

.019822^ 

50.80 

2.432 

.o2j8i66 

52  00 

1932 

.0308357 

45-70 

a.  950 

.007510 

92.63 

4.190 

.0457956 

37.50 

7.580 

.0119209 

73  50 

2-783 

.007610 

g2.00 

a -523 

.006222 

114. 10 

1. 148 

.004818 

"5.30 

1.661 

.007800 

90.86 

2.000 

.008050 

89.44 

1  .OOl 

tx)4^'o 

"4  53 

1.436 

.Oi>4f):^9 

117.92 

10.260 

.0034.13 

188.14 

2.470 

.005861 

104.81 

5-550 

.ai>3i  >6 

'43^76 

I  893 

.005050 

112.93 

2.805 

.002720 

153.60 

2.218 

.006435 

100.04 

3.029 

.003450 

136  63 

1.588 

.ot)645o 

99.9a 

»  7'3 

0'>876o 

84.76 

3  099 

.VAJ3366 

>34.i4 

3  430 

.006569 

99.00 

7  500 

.0101333 

79-79 

382.  Canal  Gates,— Fig.  71  is  a  half  elevation  of  the 
gates  in  the  Manchester,  N.  11.,  water- works  canal. 

The  water  rises  and  falls  witli  the  lake.  The  canal  is 
sixteen    hundred  feet  lonir,  nnd  h:is  sirnihir  gates  nt  its 
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entrance  and  at  the  head  of  the  tttrbine  peiuto<^  Tk 
entrance  gates  are  provided  with  a  set  of  iron  racks  to  intat- 
cept  floating  matters  that  might  approach  from  the  hke, 
and  the  iienstock  gates  are  provided  with  a  set  of  fine  mak 
cop|)er-»ire  fish-screens. 

There  are  four  gates  in  each  set,  each  3  feet  wide  aot 
6  feet  high.     On  tlie  top  of  each  gate  is  secured  a  cast-inn 


tube  containing  a  nut  at  its  top.  Over  each  tube  is  fastened, 
to  a  lintel,  a  composition  screw,  working  in'its  nut,  which 
rais»tJ  or  lowers  its  gate. 

Two  gate's  in  eiuih  sot  have  their  screws  provided  with 
goara  ami  pinions.  Tlse  pinions,  or  screws,  are  turned  by  a 
rafcliet  wrenrli,  so  the  operator  may  turn  them  either  wajf 
to  raise  or  lower  the  gate,  by  walking  around  the  screw,  or 
by  a  foi-ward  and  Invrkward  motion  of  the  arms. 

The  floor  covering  the  gate-chamber  is  of  tar-cODcrete 
resting  uiwn  brick  arclies. 


Mi.NEilS'    LA?;rtl,S  M75 


W^  Wlieu  lai^  sluiceH  are  necessary,  a  system  of  vorm 
giearing  is  usually  applied  for  hoisting  and  lowering  the 
^t4's.  These  geara  may  be  operatt-d  by  liand-powtT,  or 
may  be  diiven  by  the  belts  or  geais  upon  a  counter-shaft, 
which  is  driven  by  a  turbine  or  an  engine. 

Canals  leading  from  ponds  subject  to  floods  or  sudden 
rise  above  normal  level,  are  to  be  provided  with  waste-wcii-g 
near  tlieir  liead  gates,  and  with  waste-gates,  so  their  banks 
will  not  be  ovei-topped  or  their  waters  rise  above  the  pre- 
det*>rmined  height. 

Sto[j-gates  are  planed  at  intervals  in  long  water-anpply 
and  irrigation  canals,  with  wast«-gate8  immediately  above 
them  for  drawing  off  tlieir  waters,  to  permit  repairs,  or  for 
tiujhing,  if  the  waters  deixjait  sediment. 

Culverts  are  sometimes  required  to  pass  the  drainage  of 
the  apper  adjoining  lauds  beneatli  the  canal,  and  these  may 
be  classed  among  the  treacherous  details  that  require  ex- 
ceeding care  in  their  constniction  to  guard  against  st?ttle- 
raents,  and  leakage  of  the  canal  about  tliem, 

38:(.  MliierM*  C'aniils.— The  sharp  necessities  of  the 
gold-mining  regions  of  Californbi,  and  Nevada  have  led  to 
some  of  the  most  brilliant  hydraulic  achievements  of  the 
present  generation.  The  miners  intercept  the  torrents  of 
the  Sierras  where  occasion  demands,  and  contour  them  in 
open  canals,  along  the  rugged  slopes,  hang  them  in  flumes 
along  the  steep  rock  faces,  syplion  them  across  deep  ean- 
yoQs,  and  tunnel  them  through  great  ridges,  in  bold  defi- 
ance of  natnral  obstacles,  though  constant  always  to  laws 
of  gravity  rnd  equilibrium. 

The  force  of  water  is  an  indispensable  auxiliary  in  sur- 
face mining,  and  capital  hesitates  not  at  thirty,  fifty,  or  a 
hundred  miles  dbtance,  or  almost  impassable  roatee,  when 
the  torrent's  power  can  be  brought  into  requisition.     A 
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Imndred  dUchet,  as  the  miners  term  them,  now  skirt  the  I 
moaiitains,  where  but  a  few  yeare  ago  there  was  do  erv  I 
leDce  that  the  civilization  or  energy*  of  man  had  ever  ben  I 
.iresent. 

The  Big  Canyon  Ditch,  near  North  Bloomfield,  Nerads,  I 
for  instance,  ia  forty  miles  long  and  delivera  54.000,iKifl  I 
gallons  of  water  per  day.  The  sectional  area  of  the  stream  I 
ia  about  33  square  feet,  and  the  inclination  16  feet  to  Um  I 
mile.  Its  tiunies  are  6  feet  wide  with  grade  of  one-half  I 
inch  in  twelve  feet,  or  about  18  feet  to  tlie  mile.  Tlie  coft- 1 
tour  line  of  the  canal  is  from  200  to  270  fet^t  above  tl«  I 
diggings,  to  which  it«  waters  are  led  down  in  w^o^gh^l 
iron  pijws. 

With  a  terrible  power,  fascinating  to  observe,  its  j«ttJ 
dash  into  the  high  banks  of  grave],  rapidly  under-cuttii^ ■ 
their  bases,  and  razing  them  in  huge  slides  that  tlow  dowal 
the  sluice-boxes  with  the  stream. 

Tims,  in  a  single  mine,  30.000  cubic  yaids  of  gravel  melt  I 
away  in  a  single  day,  under  the  mighty  hydraulic  influec 
that  has  been  gathei-ed  in  the  torrent  and  canaled  along  d 
eternal  hills. 

The  Eureka  Diteh,  in  El  Dorado  County,  is  forty  mil* 
long,  and  there  are  many  others  of  gi"eat  length,  wlioa 
magnitude  and  meclianical  effect  entitle  them  to  consider 
tion,  as  valuable  hydraulic  works,  and  monuments  i 
hardy  enterprise. 

The  Eureka  embankment  is  seventy  feet  in  height,  13 
two  hundred  and  ninety-six  acres,  and  is  located  six  thw 
Band  live  hundred  and  sisty  feet  above  the  level  of  the  a 
We  quote  from  Mr.  P.  J.  Flynn,  C.  E.,  some  data  relatio( 
to  Irrigation  Canals,  as  follovra: 
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TAB  LE    No.    70a. 


Dimensions  of  Irrigation  Canals. 


Name  and  Locality. 


AMERICAN    CANALS. 

Eagle  Rock  &  Willow  Creek,  Idaho.. 

Calloway,  Cal 

Fort  Morgan,  Col 

Seventy-six,  Cal 

San  Joaquin  &  King's  River 

Idaho  Canal  Co.'s  Idaho 

North  Poudre,  Col 

Cirand  River,  Col 

Phyllis,  Idaho 

Empire,  Col 

Citizens,  Col 

Del   Norte,  Col 

Central  District,  Cal 

High  Line,  Col 

Arizona,  Ari 

Larimer,  Col 

Merced,  Cal 

Turlock,  Cal 

Idaho  Min.  &  Ir.  Co.,  Ida 


NOTED    FOREIGN    CANALS. 


Main  Delta,  Egypt. . 

Agra,  India 

Upper  Ganges,  India 
Cavour,  Italy 


I  384.  The  Office  and  Influence  of  a  Waate-Welr. 

^An  ample  waste-weir  is  the  saffty-valve  of  a  reservoir 
embaaknicnt. 

Tlie  outside  slope  of  an  earth  embankment  is  its  weakest 
part,  and  if  a  fiood  overtops  the  embankment  and  reaches 
the  outer  slope,  it  will  be  cut  away  like  a  bank  of  snow 
before  a  jet  of  steam. 

The  overfall  should  be  maintained  always  optfu  and 
ready  for  use,  independent  of  all  waste  sluices  tliat  are 
closed  by  valves  to  be  opeiu'd  mechanicatly,  for  a  funous 
storm  may  rage  at  midniglit.  or  a  waterspout  burst  iu  tlie 
valley  wtien  tlie  gate-keei>er  is  asleep. 

Data  relating  to  tlie  maxiniuiii  Hood  flow  is  to  be  dili- 
gently sought  for  in  the  valley,  and  tlie  freshet  marks 
along  the  watercourse  to  be  studied.  The  overfall  is  to  be 
proportioned,  in  both  dimensions  and  strength,  for  the 
extraordinary  fi-eshets,  which  double  the  volume  of  ordi- 
nary floods,  and  if  there  are  existing  or  there  is  a  ]iroba- 
bilily  of  other  reservoirs  being  built  in  the  valley  above,  it 
may  be  wise  to  anticipate  the  event  of  their  bursting,  espe- 
cially if  an  existing  reservoir  dam  is  of  doubtful  stability. 

A  short  overfall  may  increase  or  affect  the  damage  by 
flood  flowage  to  an  imjKtrtJint  extent,  and  makes  necessary 
the  building  of  the  embankment  to  a  considerable  height 
above  its  crest  level ;  while,  on  the  otlier  hand,  a  long  over- 
fall, if  exposi'd  to  the  direct  action  of  the  wind,  may  permit 
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too  great  a  volame  of  water  to  be  rolled  over  its  cresth 
waves  jcu$t  at  the  commenceiiieDt  of  a  drought,  when  it  U 
important  to  save,  to  the  nttemiofit  gallon.  Such  ware 
action,  under  strong  winds,  might  draw  down  a  small  nesKf- 
Toir  :^veral  inches,  or  even  a  foot  below  its  crest,  anleas 
such  contingency  is  anticipated  and  goarded  against 
Strong  winds  blowing  down  a  lake  often  heap  ap  its  waters 
materially  at  the  outlet,  and  increase  the  volume  of  wa^ 
flowin:r  over  its  weir  or  outfoll. 

An  injudicious  use  oi flakh-boaTds  upon  waste- weirs  has 
in  many  instances  led  to  disastrous  results.  In  all  cases,  a 
maximum  flood  height  of  water  should  be  determined  upon, 
and  then  the  weir  dimensions  be  so  proportioned  that  no 
contingency  possible  to  provide  for  shall  raise  the  water 
above  the  pn^eterrained  height-  Tlie  length  of  the  overfall 
and  volume  of  maximum  flood-flow  govern  the  distance 
the  liigliest  crest-level  must  be  placed  below  the  maximum 
flood -level.  Flash-boards  mav  in  certain  cases,  and  in  (vr- 
tain  seasons,  be  i?en'iceable  in  governing  the  level  of  water 
heloic  orjn^t  nt  the  rre^it  line,  especially  when  there  are  low 
lands,  or  JanrLs  awffs/t,  as  they  are  termed,  bordering  upon 
the  reservoir,  with  their  surfaces  not  exceeding  tliree  feet 
above  the  en»st  line. 

Several  Enirlish  writers  mention  tliat  a  general  rule  for 
length  of  waste-weir,  accepted  in  English  practict\  is  to 
make  the  waste- weir  three  ft^et  long  for  every  100  acres  of 
wati^i-shed.  This  rule  will  apply  for  watersheds  not  exceed- 
ing three  square  miles  area,  but  for  larger  areas  gives  an 
inconvenient  lenirth. 

:iH5.  Discharges  over  Waste- Weirs. — ^Having  de- 
tenniniHl,  or  assumed  from  the  best  data  availaUe^  the 
maximum  tlot^d-tlow  which  the  overfall  may  have  to  dis- 
chaigt*,  if  a  very  heavy  storm  takes  place  when  the  resem^ir 
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I  full,  tile  overfall  is  then  to  be  proportioned  upon  the 
iBJs  of  tliis  tlow. 

For  the  calculation  of  discliarge,  the  overfall  may  be 
nsidered  to  be  a  species  of  ineaBuring-weir  (,§  303},  and 
hbje<^t  to  certain  weir  fonuulas. 

If  there  ai-e  Hasli- board ti,  witli  square  edges,  forming  the 
St,  then,  for  deptlju  of  from  nine  inches  to  three  feet,  Ml', 
ancis'  formula  may  be  applied  with  approximate  results, 
*  have  the  dischaigi- : 

Q  =  -d.33{_l- 0.1/1/1)^1,  (1) 

i  which  Q  is  tlie  volume  of  discharge,  in  cubic  feet  per 

second ;  I/,  tiie  depth  of  water  upou  the  crest,  measured  to 

'he  lake  surface  level ;  I,  the  clear  length  of  overfall ;  and 

n  the  number  of  end  contractions.     (Vide  §  313,  p.  289.) 

We  have  seen  (§  309)  that  the  velocities  of  the  parti- 
cles flowing  over  the  crest  are  proporfionati'  to  the  ordinate's 
of  a  parabola,  and  that  the  mean  velocity  is  equal  to  two- 
thirds  the  velocity  of  the  lowest  particles  ;  heoi.*-  we  have 
the  mean  velocity,  ?>,  of  flow  over  the  ci-eat, 

1,  =  ivaff/?  =  5.mVf/.  (9) 

Multiplying  tlie  depth  of  wat^r  //  upon  the  weir,  into 
the  length  I  of  the  weir,  and  into  the  mean  velrcUy  o.  we 
have  tlie  volume  of  discharge,  when  there  are  no  interme- 
diate flash-board  posts : 

Q  =  mlH  X  lV2ffW=  5.35m;.ffi,  (3) 

in  which  m  is  a  coefficient  of  contraction  (§  313),  with 
mean  value  about  .622  for  shari>-edged  thin  crests. 

By  transposition,  we  have  : 


I      If  the  overfall  has  a  wide  crest  similar  to  that  usually 
ipren  to  masonry  dams,  Fig.  47,  then  we  may  apply  more 
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accurately  the  formnla  suggested  by  Mr.  Francis  forsocb 
cases,  viz. :  . 

If  we  desire  to  know  tlie  depth  of  discharge  for  a  gwen 
volume  aud  weir  length,  then,  by  a  transposition  of  fliK 
last  formula,  we  have : 


(6) 


'rable  Si)  gives  values,- C  (=  l7fi  \^^ff)  and  volumes,'/, 
for  sharp  weirs  of  the  Frances  type,  tljrt  weirs  of  aU)UT 
six  feet  width  on  top,  standard  stone  erest.s  of  dams,  FiL^ 
47,  and  broad  rounded  masonry  crests,  as  deduced  fnmi 
exi>eriment8  by  Francis,  Fteley  and  Stearns,  Baziu  and 
Rafter. 

TABLE     No.     80. 
Waste-Weir  Volumes,   per   Linear  Foot  of  Weir. 


(Q 

=  C/HI.) 

Dki'I  m 

1 

Sm\kk. 

r  i.A  1    Tor.         , 

STANl>Akl>. 

RoL'NnKD. 

ON    WHK. 

' 

• 

H. 

'■  :    y. 

c  ■   y.   : 

1 

c. 

Q 

C. 

l> 

0.5    kcl 

1 

,    3.34()  :    1. 1^30 

2.525      o.vS(;2S    1  3.iH>7 

1.0633 

1.0      " 

3.32S  1    3.32S0 

2.527 

2.5270  ,1  3.031 

3.o3i«» 

3-32J^ 

3.32J>o 

1.5       " 

3-317      ^>-'^<.)37 

2.52() 

4.64(n     ;  3.054 

5.6105 

3.4o() 

6.2572 

2.0      •* 

3.310  ,    «>3(>21 

2.535      7- '701     ,3-073 

8.6917 

3-45«*^ 

9.78o<) 

2.5       •* 

j   3.30()    i3.oS()i 

2.547 

io.o<)7(>    '  3.0(>i 

12.2181 

3.493 

13.8071 

3.0      " 

3.306    17.17S5 

2.563 

13.3177    '3- 108 

16.1498 

3.520 

l8.2(^4j 

3-5      *' 

'  3.30S    'Ji.()6()4 

2.583    16.9132  ,,  3.124 

.•0.4556 

3  540 

23.170 

4.0     " 

3.311    !>(>  .;S^o 

2.()07    _»().85()<)    ,  3. 140 

25.1200 

3-557 

28.45N> 

4-5      " 

3.315  ;3i.644S 

2.632    25.1250    1  3.156 

30.1269 

3.572 

34.<H^S) 

5.0     •• 

3.321    37.i2<;() 

2.6(H)  1J9.7397  ;  3.170 

35.4416 

1  3-  584 

40.0702 

5.5      *' 

3.327   42.913'^ 

2.687  !34-<>5^^>    '  3. 182 

41.0433 

'  3.594 

40.357«. 

().'j     '* 

3.332   4>  ()7<)2 

,  2.713 

39.8728      3.194 

46.9419 

3.600 

52.9088 

6.5      •• 

1    3  33^    55  3»^>7 

2.736 

45.3405      3.204 

53.0960 

'  3.606 

59-7579 

7.0      •* 

1,  3.343  '<)i.gi32 

2.759 

•^l^M)^JS  '    3.2 1 1 

59.4687 

3.61 1 

66.8768 

7  5      " 

\  3.34.;   ()8.787i 

2.780 

.7.  loui      3.216 

66.0554 

3.610 

74.I48<^ 

8.0     •• 

"1  3-355    75.9150 

1         _ _ 

',  2.801 

1 

>3-3793  ;  3- 224 

.1 

72.9507 

3.609 

81.6623 
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i*  386.  Required  Liengrth  of  Waste- Weirn.— The  fol- 
lowing  table,  prepared  to  JEacilitate  preliminary  calculations, 
gives  estimated  flood  volumes  of  waste  from  small  impound* 
ing  reservoirs,  in  ordinary  Atlantic  slope  basins,  for  water- 
sUeds  of  given  areas ;  also  the  length  of  waste- weir  i-equired, 
and  approximate  depth  of  water  on  the  crest  of  the  given 
length: 

TAB  LE     No.      8  1. 
Lengths  and  Discharges  of  Waste-Weirs  and  Dams. 


Area  of 

Required  length 
of  overfall  for 

Approx.  depth  of 
water  on  overfall 

Approx.  disch'ge 
per  lin.ft,of  given 

Flood  volume 
from  whole  area. 

1 

f^ven  watershed. 

of  given  length. 

overfall  for  given 
depth. 

(  uhic  Feet. 

g  =  «»(M)t. 

'   ^uare  Milts, 

Feet. 

Feet. 

t'u.  ft.  per  Mecond. 

I 

23.01 

2.0 

8.692 

200.  Of  J 

3 

28.49 

2.5 

12.214 

348.22 

3 

39-43 

2.5 

12.214 

481.64 

4 

37.55 

3.0 

16.144 

606.29 

6 

51-94 

3.0 

16.144 

838.52 

8 

65-39 

3.0 

16. 144 

1,055.61 

lo 

61.73 

3.5 

20.442 

1,261.92 

15 

85.38 

3.5 

20. 442 

i»745.43 

20 

87.55* 

4.0 

25.096 

2. 197. 12 

25 

104.66 

4.0 

25.096 

2,626.53 

30 

121. og 

4.0 

25,096 

3,038.97 

40        " 

127.18 

4.5 

30.079 

3.825.41 

50 

129.23 

5.0 

35.386 

4.573-05 

75 

154.35 

5.5 

40.979 

6,325.20 

100 

169.83 

6.0 

46.883 

7,962.14 

300 

261.25 

6.5 

53.063 

13,862.9 

300 

332.03 

7.0 

59.543 

19.174.6 

400 

364.04 

7.5 

66.303 

24,136.7 

500 

393.57 

8.0 

73.313 

28,854.0 

600 

.     417.31 

8.5 

80.00 

33.384-9 

800 

481.40 

9,0 

87-30 

42,024.4 

1000 

491.08 

lO.O 

102.3 

50,237.7 

1500 

679.25 

lO.O 

102.3 

69,486.9 

2000 

855.02 

10. 0 

102.3 

87,469. 

3000 

1182.64 

ro.o 

102.3 

120,984. 

4000 

1488.68 

10. 0 

102.3 

152,293. 

5000 

1 

1779.63 

lO.O 

102.3 

182.056. 
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The  length,  L,  of  an  overfull  of  a  dam  in,  for  a  given 
depth,  H,  thereon,  proportioned  to  the  total  fl(MNi,  or 
approximately  to  the  nuMlified  area,  in  Hqiiare  miles, 
(M)*,  hence  when  r  is  the  coefRrient  in  the  HcmkI  fonniila, 
and  C  is  the  coefficient  in  the  depth  formula  (Tkble  >^% 

al»()  when  an  existing  dam  of  length,  L,  with  maximum 
depth  of  overflow,  II,  lias  proved  safe  and  is  considered  t 
basis  for  the  length,  /,  of  a  new  dam  up- or  down  stream 
on  the  same  or  a  similar  watershed,  then  if  M  is  the 
symbol  of  square  miles  of  the  first  and  m  of  the  second 
watershed, 

or  when  watershed  characteristics  differ  and  the  floixl 
coefficient  is  c  (Table  sla), 

inL(c.///M 

All  extreme  coefficient  in  the  formula  Q  =  cM*,  would  be 
for  the  outlet  of  a  square  mile  of  paved  city  area,  dis- 
charginti:  the  equivalent  of  the  total  of  0.5  inch  of  niin  in 
an  hour,  when  r  would  equal  322. (JT. 

Table  s\(f  shows  coefficients  ranging  above  200  for 
mountainous  watersheds  and  ranging  less  than  200  for 
undulating  watersheds  having  more  or  less  storage  areas, 
and  ranging  less  than  50  on  large  prairie  areas  of  the 
Middle  West. 


FLOOD  COEFFICIENTS, 


SSib 


T  A  BLE    No.    8  1a. 


Data  of  Flood  Flows  ok  Streams. 


0  =  ^  (M)* 


Streams. 


Chemung,  at  Elmira,  N.  Y 

Potomac,  at  Chain  Bridge,  Md.. 
Croton,  at  Croton  Dam,  N.  Y... . 
Raritan,  at  Bound  Brook,  N.J... 

Delaware,  at  Stockton,  N.  J 

Stony  Brook,  at  Rox bury.  Mass. . 

Ramapo.  at  Pompton,  N.  J 

Sheluckei,  at  Norwich,  Conn 

Pawtuxel,   R.  I 

Nashua,  South  Branch 

'I'ohicon,  Point  Pleasant,  Pa 

Merrimac,  at  Manchester 

"    Lowell 

**  '*    Lawrence 

Cienesee,  at  Mount  Morris 

Ncshaminy,  Pa 

Connecticut,  at  Holyokc 

Sudbury,  at  Framingham 

Perkiomen,  at  Frederick,  Pa 

Rockawav,  at  Dover 

Dcsplaines,  at  Chicago 

St.  Louis,  at  Fond  du  Lac,  Minn. 

Mississippi,  at  Minneapolis 

Missouri,  at  Great  Falls.  Mont.  .  . 


Sq.  miles  of 
Watershed. 

M. 


2,055 
11,161 

339 

879 

6,790 

13 

159 
1,200 

KjO 
T22 
102 

2,838 

4.085 

4.599 
1.060 

139 

8,006 

75 

152 

52 

630 

3,io() 

19,736 

22/xx) 


Cu.  feet  per 

second  per 

square  mile 

0-hN 


67.10 

42.49 
74.87 
59.16 

37.50 
121.00 
()6.io 
41.29 
56.85 
56.21 

54.30 
26. 36 
21.42 
20.87 
32.00 
41.40 

17.15 
43.00 

34-90 
43.10 
21.40 

5.47 
3.04 
2.35 


Flood  Vol. 

in  cubic  feet 

per  second. 


137.890 

474.231 

25.380 

52,002 

254.630 

1.573 

9.745 

49.548 

10,801 

6.858 

5.539 
74,800 

87.480 

96,000 

33.941 
5.755 
137.295 
3.234 
5.305 
2,241 

13.482 
16,990 

59.997 
51.700 


Coefficient 


297. 14 
274.05 
240.08 
229.52 
218.98 
202. 1 1 
182.29 
170.48 
162.36 
146.92 

136.94 
129.27 
112.97 
112.74 
128.97 
111.08 
103.50 
102.26 

95.32 

94.99 
77.68 

27.32 

21.97 

17.36 


The  Potomac  and  Delaware  watersheds  have  large  percentages  of  moun- 
tainous areas.  The  Merrimac  has  some  mountain  watershed,  but  large 
lake  storage. 

The  Sudbury  has  about  six  per  cent,  of  its  watershed  of  reservoir  area. 

The  Si.  Louis  river  watershed  has  much  swamp  area. 

The  Mississippi  river  has  large  storage  of  its  head  waters. 
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A  plienomenally  heavy  storm  moves  uaually  along  i 
narrow  belt  ami  affwtM  only  a  part  of  the  large  watershed 
which  it  crosses,  but  may  have  great  flood  effect  on  i 
branch  stream.  '    ' 

Liuge  streams  having  upi)er  watershed  surfaces  hilly 
and  steep  have  usually  broad  bottom  lauds  along  their 
mill  and  lower  lengths  where  the  floods  are  spread  out. 
The  effect  of  this  unit  flow  on  small  and  l»rge  watersheds 
is  illustrated  in  column  -i  of  Table  »,  i)age  (>".  Tlie  max- 
imum flood  and  depth  on  the  overfall  varies  with  th*^ 
jierioillc  rainfall,  the  inclination  and  poroyity  of  the  soil. 
tlie  sum  of  swiinip  or  reservcnr  surfaces  on  the  watershnl 
and,  in  northern  cliniiites,  with  varying  spring  temper- 
atures and  meltings  of  ice  and  snow. 

387.  Forms  of  Waste- WelrB.— Fig.  72  illnstrates  a 
waste-weir  placed  in  the  centre  of  length  of  an  earthworit 
embankment,  retaining  a  storage  lake  of  twenty-fonr  hun- 
dred acres,  and  the  drainage  of  forty  sqnare  miles  of  water- 
shed. 


The  down-stream  face  of  the  weir  is  constmcted  in  a 
series  of  steps  of  decreasing  height  and  increasing  projec- 
tion, fVom  the  crest  downward,  so  that  the  edges  of  the  steps 
aearly  touch  an  inverted  parabolic  curve. 


IKULATEU    WEI  lid,  tJHa 

!  apron  receiring  the  fall  of  wast^  water  from  the 

ist  of  the  w^  is  of  rubble  musimry,  and  contains  two 

ght  courst-a  iuteuded   to  check   any  scour  from  the 

f  Qiidertoe"  during  freshets,  and  also  to  lock  the  founda- 

isn  couraes  that  receive  the  heaviest  shocks  of  the  lalliug 

itiT. 

ITie  projection  of  the  steps  was  arranged  to  break  up 
trie  force  of  the  falling  water  aa  much  as  possibh'. 

Tlie  fall  from  crest  to  apron  is  twenty-five  feet,  and  the 
llnod  di'ptU  upon  the  weir  twenty  inclies  ;  yet  the  force  of 
(lie  falling  water  is  so  thoroughly  destroyed  that  it  has  not 
b:;en  sufficient  to  remove,  in  three  years  service,  the  coai'ser 
dtunea  of  some  gravel  carted  upon  the  apron  during  con- 
struction of  the  upper  courses  of  the  weir. 

There  is  a  3  by  5  fW4  waste-sluice  through  the  weir  at 
one  end,  discharging  upon  tlie  apron.  In  front  of  the  sluice 
t)ie  apron  consists  of  two  eighteen-iuch  courses  of  jointed 
granite  upon  a  rubble  foundation,  doweled  and  clamped 
together  in  a  thorough  manner. 

A  carriage-bridge  spans  the  weir,  and  rests  npon  the 

wing  walls  and  three  intermediate  piers  built  upon  the  weir 

388.  iHoIated  Weirs. — Where  the  topogiuphy  of  the 

Hiralley  admits  of  the  waste-weir  being  si'parated  from  the 

B^nibankment,  it  should  be  so  placed  at  a  distance,  and  it 

is  often  conveniently  made  to  disclmrge  into  a  side  valley 

wlii'it;  tlie  flowage  nearly,  or  quite,  reaches  a  depression  in 

the  dividing  ridge. 

^»    But  it  is  not  always  admissible  to  so  divert  the  water,  as 

Bkparian  rights  may  be  affected,  or  flood  damages  be  created 

on  the  side  stream. 

'I'/hea  possible,  it  U  advisable  to  locate  the  waste-weii 
oTxJn  a  ledge  at  one  end  of  tlie  embankment,  so  that  the 

Kl  from  the  ci-est  will  not  exceed  tiiree  or  four  feet. 
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There  should  be  a  &11  of  at  least  three  feet  fkom  thecrali 
as  in  sach  case  a  less  length  of  weir  will  be  required  than  if 
it  slopes  gently  away  as  a  cbanneL 
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TIMBER  CRIB-WEIR. 


389.  Timber  Weirs. — In  those  localities  where  sound 
and  durable  building-stones  are  scarce,  and  timber  is  plenty 
and  cheap,  the  waste-weir  may  be  substantially  constructed 
of  timber  in  crib  form.  Fig.  73  represents  such  a  weir 
placed  ui)on  a  gravel  foundation.  The  fall  is  twenty  feet^ 
and  tlie  face  of  the  weir  is  divided  into  three  benches  so  as 
to  ncnitralize  the  force  of  the  fall  that  in  freshets,  if  vertical, 
would  tvud  to  excavate  a  hole  in  the  gravel  in  fix)nt  of  the 
dam  at  least  two-thirds  as  deep  below  the  lower  water  sur- 
face as  tlie  height  of  the  fall. 

Tlie  timb(^rs  are  faced  upon  two  sides  to  twelve  inches 
thickness  and  entirely  divested  of  bark.    Tlie  bed -sills  are 


enoV  in  trenches  in  the  firm  eartli,  and  two  row;?  of  jointed 
&be4^-t  piling  are  sunk,  as  aliowii,  to  a  depth  that  will  prevent 
the  possibility  of  water  working  under  tljfin.  Tpon  tlif, 
bed-Sills  longitudinal  timbers  are  laid  live  feet  apart,  then 
croBs  timbers  as  aliowu,  and  bo  altt^nately  to  tlie  top.  As 
each  tier  is  put  upon  another  it  is  thoroughly  fastened  to 
the  lower  tier  by  trenails  or  j,-inch  round  iron  bolts.  The 
bolts  should  pass  entirely  through  two  timbers  depth  and 
one-half  the  depth  of  the  next  tier,  requiring  for  twelve-inch 
timbers  30-inch  bolts. 

As  each  tier  is  laid  it  shoidd  be  filled  with  stone  balla«t 
and  sufficient  coarse  and  fine  gravel  puddled  in  to  make  the 
work  solid,  leaving  no  interstices  by  the  side  of  or  under 
timbers.  The  gravel  sliould  be  rammed  under  the  timbers 
80  as  to  give  them  all  a  solid  bearing. 

A  tier  of  plauk  is  placL-d  under  each  bench  capping,  and 
a  tier  of  close- laid  timbers  is  placed  under  the  crest  capjnng. 
Tlie  bench  and  crest  capjiings  are  of  timbers  joint+'d  ujwm 
their  sides  and  laid  close.  The  upper  and  lower  faces  an- 
planked  tight  with  jointed  plank. 

A  weir  thus  sofidly  and  tigMly  constructed  will  prove 
nearly  as  durable  as  the  best  masonry  stnictures.  Tlie 
capping  and  fac^e  plankings  will  be  the  only  pailf*  ivquiring 
reneviral,  and  these  only  at  intervals  of  a  number  of  years 
if  they  are  at  first  of  proper  thickness. 

Similar  forms  of  crib-work  have  been  used  w'th  com- 
plete success  on  rock  bottoms,  on  imjx'tuous  mountain 
streams,  where  they  were  subject  to  the  shocks  of  ice  at  the 
breaking  up  of  winter,  and  to  great  runs  of  logs  in  tlu' 
^jQ>ring.    In  such  cases  the  bed-sills  are  bolted  to  the  rocks. 
B  ,.    Similar  crib  foundations  may  In?  used  to  carrj'  masonry 
Hftcdrs  upon  gravel  boltoms,  but  the  crib-work  should  in 
HmpcL  caae  be  placed  so  l.iw  as  to  Ij.-  always  submerged. 
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Pig.  73  was  designed  for  a  case  where  the  watershed  il 
of  about  one  iiundred  square  nules  area.  Its  crest-lengtii  ii 
two  Imndnnl  feet,  and  ^ix  feet  la  the  eetimated  maximna 
flood  depth  upon  its  crest. 

390.  Tcp-thriist  upon  Storagie  Reser\'oir  Weirs.- 
Thosi'  weii-s  tliat  aii?  locatt>d  in  Northern  climates  upon 
storage  pnnda,  such  as  are  drawn  down  in  suinmer  and  do 
not  rise  to  thi'  crest-level  until  jmst  mid-winter,  should  ba 
backed  with  gravel  to  the  level  of  tlie  backs  of  their  caps, 
and  tile  gravel  sliouid  be  substantially  paved,  as  in  Pig.  73. 
Otherwise  the  expansion  of  the  tliick  ice  againi^t  the  verti- 
cal backs  of  the  weire  may  act  witli  such  powerful  thrust 
to  displace  or  seriously  injure  its  upper  portion. 

391.  Breiulth  of  Weir-Caps.— The  cap-stones  of  wei 
in  running  streams  should   incline  downward  toward  the 
pond  side  at  least  two  inches  for  each  foot  of  breadth,  eo 
that  tin?  floating  ice  and  logs  will  not  strike  against  their 
back  ends  wlien  the  water  is  flowing  rapidly. 

There  is  a  lack  of  uniformity,  in  practice,  in  breadthe  of 
tops  of  waste-weirs,  and  the  nnsatisfaetory  working  of  tlw 
quarry  fi-om  whicli  the  caps  are  supplied  oft*'U  nontrola 
this  dimensioQ  eo  far  as  to  reduce  it  to  an  unsubstantial 
measure. 

The  breadth  of  cap  reqnin'd  dept^nds  eomewlmt  on  the 
pond  behind  the  weir.  If  the  pond  is  mlatively  broad  «nd 
deep,  water  and  what*wer  floating  debris  it  carries,  will 
approach  the  weir  with  a  relatively  low  velocity.  If  the 
pond  is  small  and  the  stream  torrential,  ivith  liability  o( 
great  depth  upon  the  weir,  then  the  capstones  ninst  have 
length  and  weight  to  n'sist  the  force  of  the  cum>nt  and  ini- 
jtact  of  the  floating  bodies.  Overfalls  nixin  logging  streanie 
rising  in  the  lumber  regions,  nxiuire  particularly  heavy 
caps,  and  the  force  of  the  logs  or  ice  upon  the  <^aps 
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isually  be  greater  when  the  depth  upon  the  v.iAr  U  from 
>ne  and  one-half  to  two  feet,  than  when  deejier. 

SQ'i,  TbickneHs  of  Waste- Weirs  and  Dams.— Low 

nasonry  over  fall  weirs,  founded  on  hard  rock,  have  usually 
I  batter  of  about  two  inehes  per  foot  on  the  down-stream 
ace  and  then  such  batter  on  the  np-sti-eaiu  face  as.  with 
he  assumed  top  breadth,  is  necessiiry  tti  fulfil  the  ele- 
nentfi  of  stobility  for  the  given  ease. 

Weirs,  exceeding  ten  feet  in  height  to  thirty  feet  in 
tieight,  are  often  st^p|)ed  on  the  down-sti-eani  front,  as  in 
the  dam  illustnited  in  the  plate  facing  page  391. 

High  weirs  ai-e  usniilly  cui-ved  on  the  face,  so  as  tti  lead 
the  overflowing  water  to  the  liver  bed  below  without  im- 
iwct.  Only  the  hardest  bed  rock  can  resist  the  cutting 
force  of  a  large  volume  of  water  falling  fi'ee  from  more 
than  ten  or  twelve  feet  height,  and  if  timber  aprons  are 
iisGii  to  protect  sand  rocks,  tliey  ai-e  rapidly  cut  away  by 
^/oatiiig  ice  or  logs  falling  vertically  more  than  ten  feet 
"t>»ii  a  weir  overfall. 

The  theory  of  water  pressures  applied  to  weii-s  and 
'■'*is,  and  the  theory  of  the  stabilities  of  tlie  masonries  of 
-*i^,  <lam^,  partitions,  and  retaining  walls  are  treated  in 
^  next  chaper.  i  Vide  fSQd  t«  §407,  pp.  391  to  4114,  cf  seq.) 
-Aji  advisable  method  of  finding  the  l>e8t  section  of  a 
S^i  weir,  for  which  no  equivalent  precedent  is  known,  is 
sketch  an  ai)proximate  trial  secti()n  and  test  it  by  the 
"^ttients  of  water  pressure  and  weight  resistance  of 
^^aoiiry  and  for  stability  on  its  l>ase,  and  then  correct  the 
lotion  until  the  l>e«t  outline  is  develoi>ed  to  meet  all  the 
conditions  of  the  given  case. 

Iligh  weii-8  are  usually  vertical  on  the  np-stream  face, 
frxnn  the  crest  down  to  the  depth  at  which  the  safe  limit  of 
pressure  on  the  masonry  from  its  own  weight,  near  its  face. 
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is  reached,  approximately  130  ft.  depth  from  crest  ii 
granite,  100  ft.  in  strong  stratified  rock,  and  70  ft.  ii 
hard  burned  bricks,  and  below  these  levels  shoald  have 
batters,  of  one  in  one-fifth  the  above  respective  heights, 
say  1  in  26,  1  in  20,  and  1  in  14,  i^spectively. 

The  minimum  thickness  at  the  crest  is  usually  governed 
by  the  forces  of  the  moving  ice,  logs,  or  debris,  that  may 
impax't  agjiinst  or  pass  over  the  weir  with  the  current. 

Assuming  that  the  upper  side  of  the  dam  is  vertical  and 
the  crest  thickness  constant,  then  thicknesses  at  given 
depths  may  be  found  for  plotting  a  trial  section  by  the  fol- 
lowing equations  : 

Let  b  be  the  assumed  breadth  at  crest  and  i  the  thick- 
ness at  any  given  depth,  d,  below  the  crest  level,  then 

For  total   depth  not  exceeding  \  ,      ^      d^'^ 
50  ft.  and  top  breadth  =  8  ft.     t     "^     "^  lo" '  ^^ 

For  total   depth    not  exceeding )  .      ^      rf^'" 
70  ft.  and  top  breadth  =  10  ft.  f  lO"'  ^'^^■ 

For  total   depth   not  exceeding  {  .      r       d^'*^ 

110  ft.  and  top  breadth  =-12  ft.  *     "^     "^  To""  ^^  ^ 

For  total   depth   not  exceeding  I  ,  __  ,      d^'^* 

160  ft.  and  top  breadth  =  15  f t.  f    ""     "^  'W '  ^''^^ 

For  total  depth  not  exceeding  )  .  _  ,      d^'^  .  ^ 

220  ft.  and  top  breadth  =  1 6  f t.  (     "     "^  1^  *  ^'^^ 

The  values  of  equations  7,  7a,  76,  7c,  and  7e2  are  shown 
in  the  following  table  : 
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TABLE     No.    82. 


Data  for  Thicknesses  and  Profiles  of  Masonry  Dams. 


:s|- 

1 

'          When 

When 

When 

1 

When 

"When 

fsi 

dzzA'tOSO' 

</:=50' tOTo' 

d=  70'  to  no' 

d=  no'  to  16c/ 

d  =  160'  to  aaof' 

*  =  8' 

*=xo' 

*=ia' 

6=  IS' 

*  =  16' 

« si 

.      .     ^"* 

.    .    «'*•*• 

.      .      «^'** 

^i.a»« 

</»•*•• 

B<£lo 

/-S+ — . 

/  =  *  + 

/  =  ^  + . 

/  =  ^  4.^ 

t  =  6  +  - . 

■b 

10 

xo 

zo 

10 

zo 

d 

i 

t 

t 

t 

t 

o 

8.000 

10.000 

12.000 

15.000 

16.000 

4 

8.800 

10.746 

12.706 

15.674 

16.655 

6 

9.470 

11.344 

13.251 

16.175 

17.133 

8 

10. 263 

12.039 

13.876 

16.748 

17.674 

lo 

1 1. 162 

12.818 

14.570 

17.377 

18.265 

12 

12.167 

13.671 

15.324 

18.054 

18.899 

.   15 

13.810 

15.074 

16.553 

19.152 

19.923 

20 

16.944 

17.700 

18.830 

21.169 

21.793 

35 

20.500 

20.641 

21.356 

23.199 

23.838 

30 

24.430 

23.862 

24.099 

25.777 

26.034 

35 

28.706 

27.334 

27.036 

28.324 

28.365 

40 

33.298 

31.037 

30.151 

3I.OII 

30.818 

45 

38.187 

34.955 

33430 

33.828 

33.382 

50 

43.355 

39.074 

36.862 

36.766 

36.048 

55 

43.383 

40432 

39.816 

38.813 

60 

47.871 

44.151 

42.972 

41.668 

65 

52.533 

47.992 

46.229 

44.608 

70 

57.358 

51.956 

49.582 

47.631 

75 

56.039 

53.026 

50.730 

80 

60.234 

56557 

53904 

85 

64.538 

60.173 

57- 149 

90 

68.948 

63.869 

60.464 

95 

73.460 

67.630 

63.842 

100 

78.069 

71.492 

67.286 

no 

87.225 

79.793 

73225 

120 

88.209 

80.837 

130 

97.133 

88.406 

140 

106.359 

96.388 

150 

115.872 

104.797 

160 

125.658 

113.043 

170 

121.687 

180 

130.527 

190 

139.558 

200 

148.770 

210 

158.157 

220 

167.742 
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The  weir  profiles  based  on  eqoatioiis  7  to  Id^  and  oi 
Table  No.  82,  are  illustrated  in  Fig.  1  of  the  accompanying 
plate  of  ^^  Trial  Sections  for  Weirs." 

The  plate  illastrates  how  readily  the  face  carve  may  be 
modified  to  meet  any  given  conditions  by  a  slight  change 
in  the  exjwnent  of  d  in  the  equation. 

Fig.  1,  in  the  plate,  illustrates  conditions  of  stability 
when  the  maximum  depth  of  water  flowing  over  the  crest 
is  nine  feet. 

If  similar  equations  are  used  for  resei-voir  retaining 
walls  then  the  crest  will  be  six  to  twelve  feet  alx)ve  water 
surfacv,  and  the  relatively  increased  weights  of  masonry 
will  ])emiit  reiluctions  in  the  exponent  of  d  in  the  equation. 

39*>/i.  Crest  Curves  of  Overfall  T^Teirs.— The  crest 
of  the  weir  should  have  a  reverse  curve  of  such  nature  that 
the  overflowiui:  water  will  not  lose  contact  with  the 
masonry  at  any  iH>int,  and  this  curve  may  be  slightly  more 
full  than  the  ii:iraU»lic  curve  which  the  film  of  water  at 
iwi^-thinls  dt-pth  on  the  crvst  tends  to  tiike.  Tlie  <>nlinates 
aiui  al^'issie  i»f  Thi-  jxiniN^la  arv  found  by  the  equations— 

iv.  \xV.ii  ■.  1'  rv.::r>  vt^:,ii*::y  .>f  tilm.  in  feet  per  second  :  // 
<vv.: '>  ,;ev:i.  •  ,  Fi^-  0,  fr».*m  suiftuv  of  water  to  cre^t: 
.■/  tv  .r.N  itr:::  '  -.  P_\  *-\  r^l  .w  Twr-ihirrls  depth  on 
V  :x  >%  ,i:,v;  '  t\v.;;/.>  :::v-  '-.  >**\'':d<  rvr|uire«i  for  a  jvirticlf 

:i*.>V^,  Finn  Cur\e<  of  Overfall  Weirs.— The  foot 
vv  .!;;-  :.,.v  v'.-'  ,  .::•:  "  -  -  rrv^isor.  aad  adaptation  to 
»*^^  !'.\^N  :*v;  r»ts  x^:  :r.t'  v;.r::  :>  s:r.i»:Tis  aM  reacrions,  should. 
l^\  a  v.;\^v%':t^:  r.:>:-\    ;:-'^-      f  at^;  loximailelv  one  hundred 
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t  radius,  be  changed  bo  that  when  it  reaches  the  river 
the  Ijed  will  Ije  tanfreiit  to  the  fare  curve,  as  shown  by 
iipplementary  Udp  in  Fig.  1. 
393.    Force   of  the   Overflowing  Wiit«r.— When 
face  curve  has  l)een  reaoived  into  an  ogee  or  into  stsps, 
18  advisable  for  high  overfall  weirs  resting  on  tertiary 
ikB,  then  the  masonry  of  the  lower  curve  and  the  caps 
the  steiw  must  be  very  heavy  and  substantially  placed 
withstand  for  a  long  teiin  of  years  the  shocks  of  the  ice, 
;,  iind  debris  parsing  swiftly  down  over  tliera.  and  tlie 
'  must  l)e  esitecially  firm  where  the  lower  supple- 
fntivry  curve  leaves  tlie  regular  fac*?  curve. 
The  face  stones  should  be  set  on  edge  radially  as  re- 
its  the  curves,  and  at  the  foot  shoidd  be  countersunk 
ih  into  the  bed  rock. 
The  desii-ed  object  is,  to  jiass  the  water  from  the  ele- 
vated i>ond,  aimve  the  weir,  to  the  lower  level  below  the 
weir  with  the  least  i)ossible  erosion  of  the  curved  face  of 
the  weir  and  river  be<l,  and  with  the  least  possible  shock 
upon  the  river  Iwd. 

;*ft4.  H<>ightH  ol"  WavcH.— Stevenson  gives,  in  his 
treatise  on  Harl>ors,  the  following  formula  for  compnting 
the  height  of  wiives  coming  from  a  given  exposure,  or 
"fetch"'  of  clear  deep  water: 

/?=l.r.^^  +  (3.5-  v'S);  (101 

in  which  7/is  the  height  of  waves  in  feet,  and  D  is  the  length 
of  ex(H>sure  or  fetch  in  nules. 

The  numericjd  values  nf  height  of  wave,  according  to 
this  formnla,  for  given  exposures,  are  as  follows  : 


TABLE     No.     8S. 
Heights  of  Reservoir  and  Laee  Waves. 
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395.  Design.— The*  hydraulic  engineer  finds  necessaij 
exercise  for  his  skill  on  every  hand  to  adapt  a  variety  of 
constructions  in  masonry  to  their  several  ends,  in  methods 
at  once  substantial  and  economical. 

D(»signs  ai-e  required  for  reservoir  ]>artitions  and  gate 
chamlMTs  that  are  to  sustain  pressures  of  water  upon  both 
aides,  and  either  side  alone;  revetments  for  reservoirs, 
canals,  and  lake  and  river  fronts  that  are  to  sustain  pres- 
sures of  water  and  earth  upon  opposite  sides,  and  earth 
alone  upon  oni*  side;  coal-shed  walls  that  are  to  sustain 
the  pressur<^  of  coal,  whost*  horizontal  thnist  nearly  i^quals 
that  of  a  liquid  of  tHjual  spt^cific  gravity  ;  conduit  and  filter 
gallery  walls,  that  an*  to  sustain  pressures  of  earth  and 
water  and  thrusts  of  loadini  an*hes ;  basement  walls  and 
bridge  abutments  that  are  to  sustain  thrusts  of  earth  and 
carry  weiglit ;  \ving  walls  of  triangular  elevations  and  van- 
ing  heights,  that  are  to  sustain  varying  thrusts ;  and  wa<tt^ 
weirs,  that  are  to  sustain  pivssures  of  water  higher  than 
their  summits  and  moving  with  vehxjity. 

Kule  of  thumb  practice  in  such  structures  has  led  to 
nianv  failun»s,  when  the  amounts  and  directions  of  thrusts 
wtMv  not  understood  :  and  such  failures  have,  on  the  othet 
hand,  led  to  the  piling  up  of  superfluous  quantities  of 
nmsonrv,  often  in  those  \yarta  of  section  where  it  did  not 
inen^ast*  the  stability  of  i)osition,  but  did  endanger  the 
staibilitv  of  the  foundations.  .    .      >,.        .   ..• 
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Good    design  only,   imites  economy  with  stability  in 
oiiry  subjected  to  latt^ral  thrusts. 

TImhut,'  of  Wat^r  Prenmire  upon  a.  Vei-ticjil 

>. —  I'lie  theory  of  pressiux-  of  wat<!r  iipon  a  p!;:iic 
jfair,  and  of  tlie  stability  of  a  vertical  rectaugtUar  ivtuin- 
wall,  is  quite  simple,  and  is  easily  exemplified  by 
ajjhic  illustration,  and  by  simple  algebraic  equations. 

Let  BD,  Fig.  74,  be  a  vertical  plane,  receiving  the 
pri'ssiii-e  of  water. 

Tile  pressure,  p,  at  any  depth  is  proportional  to  that 
depth  into  the  density  of  the  Huid. 

Let  Wi  be  the  weight  of  one  cubic  foot  of  water  = 
62-5  lbs, ;  then  tlie  jjressure  upon  any  square  foot  of  ttie 
vertical  plane,  whose  depth  of  centre  of  gravity  is  represent- 
ed by  (/,  isp  =  dw,. 

L.>t  the  depth  of  the  water  B^D  be  12  feet  =  h.  Plot  in 
horizontal  lines  from  5)X>,  at  several  given  deptlis,  the 
magnitudes  of  the  pressui-es  at  those  depths  =rf(o,.  as  at  ss,  ■ 
then  the  extremities  of  tliose  lines  wiU  lie  in  a  straight  line 
passing  through  flj.  :ind  cutting  the  horizontal  line  C'I>/,  in 
/,  I)t'  being  equal  to  the  magnitude  of  the  pressure  at  D. 

The  total  pressure  upon  the  plane  AA  and  its  liorizon- 
tal  effects  at  all  depths  are  grapliically  represented  by  the 
area  and  ordinates  t)f  tlie  figure  BfD. 

In  theoretical  statics,  tlie  effect  of  a  pressure  upon  a 
solid  body  is  treated  as  a  force  acting  through  the  centre  of 
gravity  of  the  body. 

Consider  the  pressure  of  BifD  to  be  gathered  into  its 
resultant,  passing  through  its  centre  of  gravity,*  y.    The 


"  To  Bud  tlie  centre  of  yrsvitj- of  ktriuigle  if,/D,  drawn  broken  line fmm 
Aing  the  nppoHite  side  )n  «, ,  and  from  /.  bbiecting  the  opposite  aide  In 
:  {he  centre  of  gravitv  will  then  lie  in  the  intersection  of  those  lines.  Or 
Mw  a  line  from  maj  angle  £,,  bisecting  the  oppoeite  side,  and  the  centre  cf 
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Fro.  74 


horizontal  resultant  through  g  will  meet  RJ)  in  K^  at  two- 
thinb  the  dei>th  B.D. 

\aA  IH  7?  W  a  seetion  of  wall  one  foot  long.     Let  B.D 


«  ^^ 


fcmvtty  win  lie  in  this  line,  at  one-third  the  height  from  the  side 

The  ivntn'  of  gmvitv  is  at  two-thirds  the  vertii-^l  depth  B^D  =  }A  fttwn  JJ^ 


It  .'J 


1 


WATER   PKES8URK   UPON   AN   INCLINED   SlHFAr,:         \iQ3 

^h  =  12{t    The  centre  of  gravity  of  tliw  sabnH'j-gtfd  wall 

rface  S-D  is  at  one-haJf  its  height,  =  -^  ■    The  total 

jaure  of  wattT  P  upon  the  wall-surface  B,D  equals  tin- 
duct  of  the  surface  area,  B^D  =  Ay,  into  the  weight  of 
B  cubic  foot  of  watiT,  ?Ci,  into  one-half  the  height,  = 

P=^,«„-|  =  »,|  (1) 

=  |12  X  li  X  62.5  X  ~ 
=  4500  pounds  —  2.25  tons. 

Draw  this  total  pressure  to  scale,  in  tlie  resultant  gN, 
meeting  B.D  in  N. 

The  force  tending  to  push  the  wall  along  horizontally 
ia  r/N,  iissiiniett  to  act  ut  either  N  or  u\ 

If  the  wall  is  a  weir  Jiiid  wiiter  ir*  overtloniiifr,  tlien  let 
the  depth  of  oveitiow  lie  //,.     The  value  of  1',  will  then  l>e 


,  {/'  +  /'.»■ 


d") 


39".  Water  Pressure  npnii  an  Inclined  Suriaee. 

— Tlie  maximum  resultant  of  jjressure  of  water  upon  the 
inclhied  plane  JO  has  a  direction  perpendicular  to  the 
plane,  and  meets  the  plane  in  P,,  at  two-thirds  the  vertical 
depth  of  the  water. 

Tlie  entire  weight  A  the  triangular  body  of  water  CiJ  is 
supported  by  tiie  masonry  surface  J( '.  Its  vertical  prepsuif 
resultant  upon.  JC  passes  through  its  centre  of  gi-dvity  in  // . 
and  meets  JC  in  P„  at  two-tliirds  the  vertical  depth  iC  oi 
JC.  Its  horizontal  i)ressure  resultant  also  meets  JCia  Pi. 
I  Let  Oj  be  the  symbol  of  its  horizontal  resultant. 

"  e       "■  ■'         "     vertical  " 

w"~M-     "  "  "     miixiiiK'iii       " 
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The  horizontal  effect  of  the  pressure,  ar„  may  be 
puted  as  acting  upon  the  plane  of  its  vertical  projection  or 
trace,  iC,  and  will  equal, 


Xi  =  A, 


=  2.26  tons,  when  A  = 


13  ft. 


Draw  X,  =  3,25  toQs  to  scale  in  x,P, .  Let  fall  a  perpen- 
dicular upon  JC,  meoting  it  in  P, ;  then  will  the  angle 
pPiJ;  equal  the  angle  JCi  =  S,  and  J/Piwill  equal  "^ 

y  =  3Ti-  sec  9  =  I  u),  -^  [  ■  sec  angle  XiP,j/        (3) 
=  2.7(H  tons ; 
and  ePi  will  equal 


:  X,  ■  tan  6  ■ 
=  1.5  tons. 


tan  ane 


e  z,P,v 


w 


The  horizontal  force  tends  to  disjilace  the  wall  horizon- 
tally. The  vertical  downward  force  t^'nds  to  hold  the  wall 
in  place,  by  friction  due  to  its  i-quivaleut  weight. 

If  water  penetrates  under  the  base  of  the  wall,  it  will 
there  exert  an  upward  pressure  upon  the  base,  opposed  to 
the  downward  pressure  upon  JC,  and  to  the  weight  of  the 
wall,  with  maximum  theoretical  effect  equal  to  area  Cd 
into  depth  of  ifa  centre  of  gravity  into  the  weight  of  one 
cubical  foot  of  water. 

Let  J,be  the  symbol  of  the  maximum  upward  prpssurt^ 
and  let  ^i  be  the  ratio  of  the  effective  upward  pressur&8 
any  case  to  tlie  maximum, 

DrawCi^iiti  tlie  vertical  line  through  the  centre  of  gravH 
of  the  masonry,  in  Oz,. 

When  computing  the  resultant  weight  of  the  masoui]!! 
*  Y.dt 


» 
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^h>p«sed  to  the  horizontal  water  pressure,  deduct  from  tiie 
B«iglit  of  wall  the  excess  of  upward,  c,z,  over  downward 
Hv^ssare,  e,  =  c,2t—  e. 

B  398.  Frietional  Stability  of  Masonry.— The  weight, 
^P^,  in  jionnds,  of  the  wall  (of  one  foot  length)  equals  its 
■ectional  area  DCB  —  A,  in  square  feet,  into  the  weight  *  of 
hie  cubical  foot  is  of  its  material :     W  =  Aw.  (5) 

H     Tlie  downward  resultant  qf  weight  is 

■  W.=  {Aw)  +  e  -  (c,j|)-  (6) 

■  The  u()ward  pressure  of  the  water  iipon  the  base  will  rare- 
By  exceed  50  per  cent,  of  tile  theoretical  niaJdamm,  even 
Hiough  the  wall  is  founded  upon  a  coa:-se  porous  gravel,  or 
Rpon  rip-rap,  witliout  a  like  upward  relief  of  backliUing. 

The fric^ionol  stability,  S.  of  the  wall,  equals  its  result 
aut  weight  into  its  c(K?fficient,  c;  of  friction, 

S=\W+  e-(AZ,)\  X  c.  {-) 

Foundations  of  masonry  upon  earth  are  usually  placed 
in  a  treneli,  by  which  means  tlie  frictional  stability  upf»u 
the  foundation  is  aided  by  the  resistance  of  the  eax-th  side 
of  the  trencli,  and  the  coefficient  thus  made  at  least  equal  to 
unity.  In  such  case  the  measure  of  resistance  to  horizontal 
displacement  is  the  friction  of  some  horizontal  or  inclined 
joint. 

The  value  of  the  adhesion  of  the  mortar  in  bed-joints  is 
usually  neglected  in  computations  of  horizontal  stability, 
and  suiHcient  frictional  stability  should  in  all  cases  be  given 
by  weight,  so  that  the  resistance  of  the  mortar  may  "be 
teglected  in  the  theoretical  investigation. 

If,  however,  the  mortar  is  worthless,  or  its  adhesion  is 

*  Babmerged  anmortarpd  DiiwoDr)'  nnd  poroOH  bEu;k-fiUiDg  are  rediicol  in 
itiTe  neighl  an  anmui.t  ■■•]i\a.]  lo  iLe  WL-iglit  uf  iLe  woter  aclually  displaced. 
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destroyed  by  frost  or  careless  workmanship,  or  otherwise^ 
then  the  mortar  becomes  equivalent  to  a  layer  of  sand  as  a 
lubricant,  and  the  coefficient  of  friction  may  thus  be  reduced 
very  low. 

399.  Coeffieients  of  Masonry  Friction.— The  fol- 
lowing table  of  coefficients  of  masonry  firictions  will  be  found 
usefol.*  They  are  selected  from  several  authorities,  and 
have  been  generally  accepted  as  mean  values. 

TABLE     No.     84. 
Coefficients  of  Masonry  Frictions  (Dry). 


O-tr. 


Angu 

or 
RErosL 


Point  dressed  granite       (medium)  on  dry  clay ;  .51       27.0 


18.15 
30 


moist  clay .33 

«*  ««  w  «*  •*    oravel  cR 

*•  "  •*  •  "  like  granite '  .70  \   35 

*«  "  "  **  common  brickwork 63  I   32.2 

••  ••  •*  ••  "  smooth  concrete 62  I   314^ 

Fine  cut  granite  "  *•  like  granite ]     58       30 

Vvrx  fine  cut  granite  **     "  *       ;    61       3a 30 

pressed  Bccon  Coignet .61       3a 3<' 

.38  '   20,.j8 


•t 


On^sseil  hard  limestone  (medium)  "  like  limestone. 

•*  •»  **  "  **  brickwork 

IWton  blocks  ^pressed)    "  like  Bcton  blocks. 

Polishevi  marble  "  common  bricks. .. 


.60       31 
.66       33.1* 


.44  i  23.-': 

**  fine  cut  granite j  .61  \  30.3 

Common  bricks  "  common  bricks |  .64  ,  32.3 

••  "  **  dressed  hard  limestone.. .    .60  ;  31 


Wlu  n  S  and  j-,  are  equal  to  each  other,  the  wall  is  just 
\i|H>n  tho  iH^mt  of  motion,  and  S  must  be  increased ;  that 
i:^  n\on>  weight  must  be  given  to  the  wall  to  ensure  trictional 

stnbilitv. 

U^t  tho  water  bo  withdrawn  from  the  side  BDj  Pig.  74, 
«n\l  lot  tho  upward  pn^ssur^  attain  to  one-half  the  maxi- 
n\\in\.  and  tho  iw^tRoiont  W  that  of  a  horiaontal  bed-join^ 
w\HM\  a  oonon^to  fv>undaiioiK  assumed  to  be  .62,  then  S  = 
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I 


^+  e  —  .rtO^i)  X  f'  =  2.79  tons,  and  Xi  =  2.26  tons,  and  the 

I  has  a  small  margin  of  frietional  stability. 

The  weiglit  of  the  wall  should  be  increasod  until  it  is 

bio  to  resist  a  horizontal  tlimat  of  at  least  l.Sa^,,  or  until 

:  1.53^,  when  the  equation  ot /Tictional  stability  becomes 

.V  =  (■n'+  e  —  c,j,j  X  c  =  l.Saii,  (8) 

which 

W  is  the  weight  of  masonry  above  any  ^ven  plane. 
e     "     vertical  downward  wat*.T  pressure  resultant. 
z,    "     maximum  u|)wai'd  water  pressure  resultant. 
Ci     "     ratio  of  effective  upwanl  water  iireasure  to  tiio 

maximum, 
c     "     coefficient  of  friction  of  the  given  section  upon 

its  bed. 
a^     "     horiamtal  water  pressure  resultant. 
ft     "     symbol  of  frietional  stability. 

400.  PresMUPf  Leveraffe  of  Water.— Since  the  hori- 
zontal resultant  of  the  water-pressuiv  has  its  point  of  appli- 
cation above  the  level  of  D,  in  J\',  its  moment  of  pressure 
lererage,  L.  has  a  magnitude  equal  to  DN,  or  Kx  =  ^h, 
into  the  horizontal  n'siiltant. 


=  J-,Wi  -. 


rWi- 


401.  lipveragie  Stability  of  Masonry. — The  moment 
["of  pressure-leverage  of  the  water  tends  to  overturn  the  wall 
I  about  its  toe,  D  or  C,  Pig.  74,  opposite  to  the  side  receiving 
I  ^e  pressure  alone,  or  tlu^  maximnm  pressure. 

Let  the  weight  of  DCB,  per  cubical  foot,  be  assumed 
\  140  pounds,  an  approximate  weight  for  a  mortared  nibble 
I  wall  of  gneiss,  or  mica-slate ;  then  the  total  weight  above 
riflie  bed-joint  CD,  is  140A  =  5.25  tons,  which  we  may  con- 
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sider  as  acting  vertically  downward  tbroagh  Gy  the  centn 
of  gravity  of  DCB. 

Plot  to  scali'  this  vertical  resultant  of  weight  in  2«,  = 
5.25  tons  i,ut'gl(!ctiiig  for  the  present  the  upward  aud  down- 
ward pressures  of  the  water),  and  tlie  horizontal  resnltant 
of  water  pressure  in  xN-.  =  2.25  tons,  and  coiui>h'te  ibe 
parallelogram  arNJUei;  tliL-n  thf  diagonal  xM,  is  in  mag- 
nitude and  direction  the  final  resultant  of  the  two  forcesL 
Tlie  resultant  arising  from  the  horizontal  pressure  on 
JC.  and  weight  of  the  masonry,  is  in  magnitude  and  dini5- 
tion  xO. 

If  thi'  directionsof  Z-Af  and  3-0  cut  the  base  2>r,  tlien  llw 
wall  has,  theoretically,  leverage  stability,  but  if  tiie  direc- 
tions of  these  diagonals  are  outside  of  DC,  then  the  wall 
lacks  leverage  stability  and  will  be  ovei-turned. 

For  safety,  tlie  direction  of  xM  should  eut  the  base  at  a  ■ 
distance  frtiin  K  not  exceeding  one-half  AT",  and  the  din-c- 
tion  of  xO  cut  the  base  at  a  distance  from  K  not  exc<»ediiig 
one-half  ira 

40'J.  Moiiieut  of  Weight  Leverage  of  M})ft»nr>'.~ 
Since  the  vertical  resultant  of  weight  of  marforirj'  take? 
direction  through  6',  and  cuts  DC  at  a  distance  from  0, 
the  i)oint  or  fulcnim  over  or  around  which  the  weight  must 
revolve,  the  moment  of  weight  I-everage  of  the  wall  lias  a 
magnitude,  when  resisting  revolution  to  the  right,  (vjual  to 
the  distance  KD  into  the  vertical  weight  resultant :  and 
wlien  resisting  revolution  to  the  left,  equal  to  the  distance 
KC  into  the  vertical  weight  ri'sultant 

Let  the  symbol  of  distance  of  JT  from  the  falonun,  Oi 
either  side,  be  d,,  and  its  value  be  computed  or  takffli  bj 
scale,  at  will :  and  let  the  symbol  of  moment  of  weight 
leverage  be  M,  then 

M=  Aw(f..  [ICj 
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For  double  stability,  or  a  coefficient  of  safety  ec[iial  to  2, 

^^— 'must,  at  least,  be  euaal  to  A,w,  j,.  or 
6 

403.  Thickness  of  a  Vertical  Rectan^ilar  Wal) 
*  Water  PresBore.   . 

Let  h  be  the  height  of  the  wall  and  of  the  water, 
"    w     "       weight  of  a  cubic  foot  of  the  niasonry, 
"    w,    "  "        "  "  '•      water. 

"    2     "       required  thickness  of  the  waU, 


z  X  -^  K  10  =  leverage  moment  of  weight  of 


Then  h 
wall,  =  —^~ ;  and  ^x^xw,  x^  =  leverage  moment  of 
pressure  of  water  =  for  double  effect,  -~^- 

The  equation  for  a  vertical  n-ctangular  wall,  Fig.  7fl, 
that  ia  to  sustain  quiet  water  level  with  iIh  top,  aud  that 
jnst  baJances  a  doable  effect  of  the  water  is : 

Tiz'w      A'W[ 


from  which  we  deduce  tlie  (xjuation  of  thickness, 


t 


vir 


(11) 


404.  Momenta  of  RectaiignlHr  and  Traiiezoidid 
8eetioiiH. — Let  DCEB,  Pig.  75,  be  a  vertical  rectangular 
wall  of  masonry,  of  sectional  area  exactly  equal  to  the  tri- 
angular section  of  wall  in  Fig.  74,  viz.,  IS  feet  iu  height  and 
6  feet  in  breadth,  and  weighing,  also,  140  ponndH  per 
cubical  foot.  Let  the  depth  of  water  which  it  is  to  sustain 
B^D  either  side,  at  will,  l)e  12  feet 
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The  horizontal  resultant  of  water  pressare  is 

tt)i4- =  2.25  tons, 

and  the  vertical  resultant  of  weight  of  wall  into  the  eoA 
ficient  (.63)  of  friction  is 

[  W  -  (.26^,)]  X  c  =  2.96  tons. 

This  leaves  a  small  margin  of  fiictional  stability. 
The  vertical  weight  resultant  is 

(Ait)  —  (.252:,}  =  4.78  tons, 

or,  if  there  is  no  upward  pressure, 

Aw  =  5.25  tons. 

Plot  to  scale  the  horizontal  and  vertical  resultants  firom 
their  intersection  in  Xj  and  complete  the  parallelogram 

xPMtt ;  then  will  the  diagomd 
xM  be  the  final  resultant  of  the 
two  forces. 

The  dii-ection  of  the  diagonal 
now  cuts  the  base  very  near 
the  toe  C  and  the  given  wall 
with  vertical  rectangular  sec- 
tion lacks  the  usual  coeflScient 
of  leverage  stability,  though  it 
was  found  to  have  ample  lever- 
age stability  in  the  equal  tri- 
angular section. 

If  we  now  give  to  this  same 
waU  a  slight  batter  upon  each 
side,  as  indicattxl  by  the  dotted  lines,  its  final  resultant^ 
urising  from  the  horizontal  water  pressure,  will  lie  in  xO^ 


Fig.  75. 


«-• 


6 

> 


3  m    >i 


I 

I 
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I 
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I  its  direction  will  cut  the  base  farther  from  tlie  toe,  and 
1  leverage  stability  of  the  wall  will  be  incivased. 

Lt't  Z>/  SB,  Fig.  76,  be  a  section  of  a  partition  wall  in  a 
rt'ser^'oir,  aubjwt  to  a  jiressure  of  water  whose  emface  roiu- 
cidt'R  with  ita  top,  on  either  side,  at  will.  Let  the  heigiit  be 
12  feet,  and  the  thickness  at  top  4  feet. 

Pm.  76. 


Tie  Sid  /'  i  vrrlii-;il  :uid  ilL.^si.l.'  /;/' li;i>:il)atterof 
three  inches  to  the  foot. 

Tlie  inaximnni  pressure  resultants  meet  the  respective 
sideB  in  P  and  T^i,  in  directions  perpendicular  to  their  sides, 
And  at  depths  equal  to  two-thirdM  the  vertical  depth  HC. 
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Plot  to  scale  the  horizontal  pressare  resaltants  in  thco 
respective  directions  through  P  and  Pi,  and  the  wd^ 
resultant  in  its  vertical  direction  through  the  centre  of  gnj- 
itjj^  Oj  and  complete  the  parallelograms.  The  diagonab 
then  give  the  directions  and  magnitades  of  the  nummom 
leverage  eflTects. 

The  diagonal  xO  cnts  the  base  CD  at  a  distance  from  K 
less  than  half  KD ;  the  diagonal  xJf  cnts  the  bas^  at  i 
distance  from  K  more  than  half  the  distance  ITC. 

The  leverage  stability  of  the  wall  is  therefore  satistactorj 
to  resisjt  pressure  from  the  left,  but  has  not  the  desired 
factor  of  safety  to  resist  pressure  from  the  right 

405.  Graphical  3Iethod  of  Finding:  the  L«eTerage 
Kesistance. — The  ratio  of  leverage  resistance  may  be 
obtained  from  the  sketch  by  scale,  as  follows :  Extend  the 
base.  JO.  of  the  parallelogram  upon  the  right,  indefinitely ; 
draw  a  broken  line  from  x  through  D,  cutting  JTOr^  in  r, ; 
then  the  ratio  of  leverage  stability  against  the  water  pressure 
upon  £C  is  to  unity  as  Jr,  is  t4>  JO. 

Alsi>  extend  KO*  indefinitely  ;  draw  a  brok«»n  line  from 
jt/j  tlinniirh  the  ti.^*  ( *,  cuttiuii  A7V,  in  r. ;  then  the  ratio  of 
leverai^'  stability  ainiinst  the  maximum  water  pressure 
uiHMi  /?/>  is  to  unity  a^^  AV*  is  to  KO_^ 

I  ho  rativ^  of  r-0-  lo  r^K  exceeds  .5,  but  the  ratio  of  rJ^ 
to  .J  is  li^<  than  .5:  theivfoie  the  effect  of  the  horizontal 
pn^ssin>^  .:*  P-  to  ovortum  the  wall  exceeds  the  effect  of  the 
luaxinuun  pn\?sun^  ;,P  to  overturn  the  walL 

4tHl,  tiniiiular  Stability,— We  have  found  the  maxi- 


*   rv  .v  vv  v'f  vT»>  /!>  .^'  »  :wt»r.^r:;ljLr  5VBBeczk»l  plftne.  Fig.  75,  llf«  ii 

1*^^  Nxv»t*\^  '^'  <:^>  ^.i?"  -'  *  :?»n«ir«^i»l  t^uip  DCER,  Fig.  78,  inay  be  found 
gi«^|vhu^*N  thus  >VAvfic  'P  V  '  *ic  T&ftke  '^'  —  EB.  Also  pmlnoir  /^B  to 
i  %^^  tuAo  N^i        \  '      :  XT  h      ]f^2<«f^t  '\'>  a»d  £9.  a  ^  m^  ».  mod  join  A 
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!.  watfr  preHsure  resultant  upon  the  inclined  side,  JC 
,  74 J,  to  be  yPx  =  y  =  2.704  tons ;  its  direction  to  be 
>endicular  to  JC,  and  its  point  of  application  to  be  at 
Ifo-tliirds  the  vertical  depth  JC,  or  iC. 

Plot  this  inclined  residtant,  in  tlie  prolongation  of  the 
fa**  yP»  from  a  vertical  through  O,  in  y^l^-  =  2.704  tons: 
bd  plot  the  vertical  weight  resultant  of  the  wall  from  the 
X'rsection  y^,  in  yiKi  =  5.25  tons  ;  complete  the  pamllelo- 
ara  ytPiOjK:,  then  tlio  diagonal  y^Oi  is  in  magnitude 
and  direction  tlie  maximum  pressure  resultant  of  the  two 
forces  tending  to  crush  the  granular  structure  of  tlie  wall 
and  its  foundation. 

The  following  table  of  data  relating  to  computed  pres- 
sure in  masonries  of  existing  structun^s,  is  condensed  and 
tabulated  from  memoranda*  given  by  Stoney  and  from 
other  sources : 

TABLE     No.     SB. 
Computed  Pressures  in  Masonrv. 


Piers,  All  Sainis  Church.. 

Pillar.  Chapler  House.... 

PilUcG,  dame  Si.  Paul's  Church 

■■     St.  PelefsChuicli 

Aqueduct,  pier, 

Arch  bricks,  bridge.  Charing  t 

Cross , f 

Pier  bricks,  Suspension  Bridge. 

Bridge  pier 

Arch  concrete,  bridge.  Char- J 

ing  Cross S 

Arch  bricks,  viaduct 

Brick  chimnpy 

Bricks,  esii  ma  led  pressure  on  I 

leeward  side  in  a  ^le.  - . .  ( 


Augers. 
Elgin. 

Marseilles. 
London. 


Forneaux  sione. 

Red  sandstone. 

Portland  liniesione. 

Calcareous  lufa. 

London  paviors. 
Staffordshire  blue  bricks. 

Grauile. 

Port.  Cement,  I;  gravel,  7. 

Red  bricks. 


B6«i6 

394** 

33,376 
30,140 
26,SSa 
23400 

ji.a5o 

17,1)  2o 


I 


Long  BiNui  bridges  have  entnetlmcs  presaurea  & 
.000  pounds  per  square  foot. 


their  springing  exceeding 


•  TV  Tb™-r-  if  Strain*  in  Girier*  and  Smilmr  Stroeures.     New  Tnrk.  1871 
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Experimental  data  of  the  ultimate  strmgtih  of  masomy 
in  large  masses  has  not  been  obtained  in  a  sufficieDt  number 
of  instances  to  determine  a  limit  gent^rall  v  applicaUe  foi 
safe  j>ractice. 

Failure  first  shows  itself  by  the  spalting  off  of  the  angles 
or  edges  of  the  stones,  or  by  the  breaking  across  of  stones 
subjected  to  a  transverge  strain,  and  next  by  the  crushing 
of  the  mortar. 

407.  L.lnutiiigr  Pressere*.— From  experiments  of  sev- 
eral engineers  upon  the  ultimate  crushing  strength  of  small 
cubes  of  dressed  stones  «1  inch  and  li  inch  squares  and 
from  computations  of  pressures  upon  the  lower  courses  of 
tall  stacks  and  spires,  the  data  of  the  following  table  lia< 
been  prepared: 

TABLE     No.     86. 
Approximate  Limitixg  PpEs^rRts  rpox  Masonry. 


E<<.  safrprrv 

At    m^m    :  U.i 

sure  per  su  tt 

31  «.oursed  luS 

ble   n  *>*.^-\  .  at 

i  ft.  «T.  m  c  fc. 

when  uiid  i - 

1 

ifr    r-s. 

x-rrc    ^^ 

II^.OOD  jbs- 

i^,o?o  !'- 

O-l      .v.>»»            V-      .... 

!;r   ~ 

^.^•cc    -* 

17C.OOC    ** 

1  ^.000 

(V  ■    :u 

15^  ~ 

IC.OC'C     "* 

2<XOO0 

I  rr   ** 

72.C':>o    •• 

S,ooo   ** 

Mi*Ma5tor  mennons*  li.ai  in  Sj>ain.  and  in  some  instanctM? 
in  Fr,r.;^>\  xho  limit  of  'i^n^ssure  in  stone  masonnr  lias  l>»vi: 
tokon  in  praotivv  as  Lijh  as  14  kilc^Taiames  pt*r  square 
iN^niinioTor  =  ?SJf^TS  !N>.  |vr  squan*  foot':  but  in  the  ma- 
jority of  v\:<«^^ :  V.o  >!nii:  is  ^^aken  at  fncnn  6  kilogramines  to  8.o< 
kiK^nriUaiirs  ;vr  >q,  ivnti:?ie:er,  or  say  l,iiMii  lbs.  per  sq.  ft 
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The  ultimate  granular  resistance  of  the  masonry  is 
largely  dependent  upon  the  strength  of  the  mortar,  and 
upon  the  skill  applied  to  the  dressing  and  laying  of  tlie 
stones. 

It  is  not  advisable  to  allow  either  a  direct  or  resultant 
pressure  exceeding  140  pounds  per  square  inch  within  one 
foot  of  the  face  of  rubble  masonry,  or  200  ix)und8  per  square 
inch  in  the  heart  of  the  work ;  and  these  limits  should  be 
approached  only  when  botli  materials  and  workmanship 
are  of  a  superior  class. 

The  resultant  of  the  horizontal  pressure  is  seen  to  cut 
the  base-line  nearer  to  tlie  toe,  or  fulcrum,  over  which  tlie 
resultant  tends  to  revolve  the  wall,  than  does  the  resultant 
of  maximum  pressure ;  the  crushing  strain  is  therefore 
greater  near  the  face  of  the  masonry  from  the  horizontal 
than  the  maximum  resultant. 

Care  must  be  exercised,  in  high  structures,  that  the  safe 
pressure  limit  near  the  edge  is  not  exceeded,  lest  the  edge 
spalt  off,  and  the  fulcrum  be  changed  to  a  position  nearer 
the  centre  of  the  wall,  and  the  leverage  stability  thus  re- 
duced. 

408.  Table  of  WaUs  for  Quiet  Water.— The  fol- 
lowing table  gives  dimensions  for  walls  to  sustain  quiet 
water  on  either  side,  and  also  on  the  back  only,  with  a 
limiting  face  batter  of  two  inches  per  foot  rise : 
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TABLE    No.    87. 
Approximate  Dimensioks  op  Walls  to  Rstaut  Watis. 

Rt^gnmiU  rubbU  wails,  im  wwrtar,  of  sftdju  gravity  2.25,  ^r  vcfigki,  140 
percmbUfooi  ;  to  rttaim  qtdet  wmter  levd  wUM  tke  iof  0/  tie  wmIL 


Vestical 
\  Rbctaxcl'uui 
I        W 


OK  KTT 
SrMMXmCAI. 


I 


OS 


iLr. 


Hd^te  <rf 

wmter  and 
wmlLinfert. 

Breadth  in 
leet. 

4 

3-5 

5 
6 

35 

3-5 

7 
8 

4.0 
4.5 

9 

5-0 

10 

5-5 

II 

6.0 

12 

6.75 

13 
14 

15 
16 

17 

iS 

19 

20 

21 
22 

24 


breadtli  in 


breulth  in 


7-75 

8.5 

9.00 

lO.OO 
I G.  'N  O 
I  I.CO 

1 1.50 
12.25 


3-5 

3-5 

3-5 

3-5 

3-5 

3-5 

3-5 

3-5 
4-0 

4.0 

4-0 
4.0 

4.0 
4-3 

5-0 
5-0 

5.0 


3-5 

3-5 

3-5 

4.25 

525 

6.00 

650. 

7-'5 

7.75 

8.50 

9-^5 
10.00 

1C.75 

11.67 

11.75 

12.67 

14.00 
14  S3 

15:5 
i6.j:o 


3-5 

35 

35 

3-5 

3-5 

3-5 

3-5 

3-5 
4-0 

4-0 
4.0 

4.0 

4-0 

4.0 

5-0 
5-0 
5-0 
5-0 
5-0 
50 
50 


Fi 

in  incbes 
per  ft. 


O 
O 
O 

i 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


breaddiit 


3-5 

3-5 

3.5 
4.0 

50 

5-75 

6.75 

7.25 

7.«3 
8.67 

9.50 

10.50 

II  50 

12.00 

12.50 

13-67 

14.50 
15.25 

10.25 

17.25 

18.25 


Tho  top  tliiokness  is  to  be  increased  if  the  top  of  the 
wall  is  oxiH>s<\l  to  ice-thmst :  and  the  whole  thickness 
must  W  inon^as<\i  if  water  is  to  flow  over  the  crest,  accord- 
ing to  the  depth  of  the  cn^st,  and  its  initial  velocity  of  ap- 
pT\>j^oh. 

Unless  jv^rtition- walls  rest  on  solid  rock,  or  on  imperii 
ous  stnua  of  earth«  as  they  shoald«  jiercolation  nnder  the 
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,]1  must  bt"  prevented  by  a  concrete  or  puddle  Btop-wall, 
hy  sliei't^ piling ;  or  tlie  pervious  strata  must  be  effectu- 
lly  sealed  over. 
409.  Efuiioniic  Profiles.— It  is  evident,  from  tlie 
esligations.  tliat  the  profile  lias  an  important  influ- 
tee  upon  the  leverage  stability  of  a  wall  of  given  weight 
material,  and  tlierefore,  for  a  given  stability,  apon  ecop- 
ly  of  material. 

The  leverage  stability  against  pressures  of  water  upon 
vejtical  sides  of  triangular  or  trapezoidal  sections  of 
nry  is  greater  than  the  levera^'  resistances  to  pressures 
in  their  inclined  Bides,  as  is  graphically  illustrated  in  the 
above  sketches ;  hence  there  is  an  advantage  in  giving  all 
tlie  batter  to  the  side  opposite  to  the  pressure. 

Tlic  vertical  rectangular  sections  are  least  economic,  and 
tlie  triangular  sections  most  economic  of  material. 

When  some  given  thickness  is  aasnmed  for  the  top  of  a 
retaining  wall,  to  give  it  stability  against  frost,  or  displace- 
ment from  any  cause,  then  theory  makes  both  sides  vertical 
from  the  top  downward  until  the  limiting  ratio  of  leverage 
stability  is  reached,  and  then  gives  to  the  side  opposite  to 
the  pressure  a  jjarabolic  concave  cuiTe. 

It  may  be  necessary  to  widen  the  base  of  high  walls 
nptm  both  sides  beyond  the  bi-eadth  requiri^  for  leverage 
stability,  to  distribute  the  weight  sufficiently  upon  a  weak 
foundation.  Practical  considerations,  in  op|)osition  to 
theory,  tend  to  rectangular  vertical  sections. 

Tlie  engineer  who  is  familiar  with  both  theoiy  and  prac- 
tice, adjusts  the  profile  for  each  given  case,  so  as  to  attain 
the  requisite  frictional,  leverage,  and  granular  stabilities,  in 
the  most  substantial  and  economical  manner,  having  due 
regard  to  the  quality  and  cost  of  materials,  and  the  skill 
id  cost  of  the  required  labor. 
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4IO.  Theory  of  Kiirtli  PreHHiuvn. — Earth  filling  of 
the  diffureut  vuiieties  behind  n-taining  walls,  is  met  in  all 
conditions  of  coliesiveuesa  between  tliat  of  a  fluid  and  tlial 
of  a  solid. 

The  same  filling,  iii  place,  is  subject  to  constant  c)iang<« 
in  its  degree  of  cohesion,  as  its  moisturv  is  incn-an-d  or 
diminished,  or  as  its  iiressiire  and  condeusation  is  iiit-naacd., 
or  as  it  is  subje(!t*'d  to  tlit?  trenmlous  action  of  tiuffit-  over  it 
The  theory  of  eartli  jiressure,  tliei-efore,  leads  to  It'ss  certain 
results  than  does  the  tlieory  of  water  ]»ressuif. 

We  have  seen  (g  S5Sj  that  different  eartlis  have  dif- 
ferent natural  angles  qf  repose  wiien  exjjoaed  to  atmos- 
pheric influences,  and  they  also  tend  to  assuTue  their  natnnl 
fricUottal  angle  when  dejjosited  in  a  bank.  If  we  make  t 
broad  fill  with  earth,  behind  a  vertical  wall  and  then  .sud- 
denly remove  the  wall,  a  |H)rtion  of  the  earth,  of  triangular 
section,  will  at  once  fall,  and  the  sIojm;  will  assume  its  natu- 
ral frictional  angle.  It'  we  make  such  a  till  eveu  witti  Uie 
toj)  of  a  vertical  rectangular  wall,  whose  thicknoss  is-ouly 
equal  to  one-fourth  of  its  height,  then  the  eartli  will  over- 
turn the  wall.  This  is  evidence'  that  a  portion  of  the  earth 
produci's  a  latei-al  pressure.  If  the  eartli  ia  fully  satumied 
with  water,  its  lateral  pressure  may  be  nearly  like  that  of  a 
fluid  of  equal  specific  gravity.  It'  tlie  earth  is  eom|Hiet  like 
a  solid,  its  thrust  may  Im'  nearly  like  that  of  a  rigid  wedjjp. 

Let  iZ4B/,  Pig.  77.  be  an  earth-till  behind  a  vertical 
retaining  wall  DB.  Let  LDV,  be  the  natural  frictional 
angle  =  *,  of  that  earth  filling.  It  is  evident  that,  the  por- 
tion of  earth  LD  V,  will  produce  no  thrust  ujMjn  the  laa- 
sonry,  because  it  would  remain  at  rest  if  the  wall  was 
n^moved.  Suppose  all  the  filling  above  i>  V"i  to  be  divided 
into  an  infinite'  number  of  lamime  whose  planes  of  cleavage 
all  meet  at  one  edge  in  D,  aud  radiiite  from  D.     Then  the 
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'thin  lamina  adjoining  i>  Vi  will  ex^rt  tltc  minimam  tlurust 
a^inst  the  masoniy  and'  the  maximum  weight^pressure 
upon  -DV,.    The  thin  lamina  adjoining  BD  will  exert  the 


maximum  wedge-tlimst  against-the  iDasoDiy  and  minimum 
weight-preasure  upon  DV,. 

Suppose  the  mass  V,I>BJto  be  divided  into  two  parts 


I 
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by  the  plane  DJ^  which  bisects  the  angle  BD  l',.  Let  iJw 
wedge  BDJ,  then  be  increased  in  dimensions  by  revutnng 
the  side  JD  to  the  right,  around  D ;  then  its  weight,  a^  v 
solid,  will  ifst  more  ujwu  PiXl,  and  its  lateral  thmst  will 
not  be  increased.  Let  the  wedge  BDJ,  then  bi*  n?duc«l  in  , 
dimensions  by  revolving  the  side  JD  to  tlie  loft  ;  then  il> 
total  weight  and  its  ability  to  produce  lateral  thrust  ui^on 
the  masonry  will  be  reduced.  We  may  then-fore  agsunie 
that  that  portion  of  the  mass  \\DBJ.  included  in  the  iipp<T 
wedge  formed  by  bisecting  the  angle  V,DB  will  be  tin- 
maximum  portion  of  the  earth  that  will  first  fall  if  tbi'  wall 
is  auddonJy  removed,  and  that  the  thmst  of  the  w<y:ige  BlfJ. 
if  considered  alone,  and  as  devoid  of  friction  bpon  the  plane 
JD,  will  give  a  safe  theoretical  maximum  effect  upon  tl(.> 
masonry  of  the  whole  mass  ViDBJ. 

The  practical  value  of  such  assumption  has  been  aWy 
demonstrated  by  Coloumb,  Prony,  Canon  Moseley,  Ran- 
kine,  Neville,  and  others. 

411.  Eqiiiitioii  of  Weight  of  Earth-W^eilKe.— Th* 
weiglit  Wi  of  the  wedge  of  earth  (considered  as  one  foot 
in  length),  in  pounds,  equals  its  surface  area  DBJ,  in  !*qiiare 
feet.  =  A,,  into  the  weight  of  one  cubical  foot  of  the  iniiT.- 
rial  =  w,. 

Wj^A.w,.  (12) 

Let  the  symbol  of  the  frietional  angle  LDV  of  lli« 
earth  filling  be  ■?.,  and  of  V,DJ\k  <r  ;  then  will  the  angli- 

DDJ  =  ^-^^  =  I  ^^  \  =  0  =  angle  V,DJ=  •. 

Let  the  height  BD  equal  12  feet,  =  h ;  then  the  area  of 
DBJvia  equal  DB  into  one-half  BJ  = 

4,  =  A  X  J  fan  9  =  ^'  cotan  f«  +  <r).  (13) 


1 
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413,    Equation    of  Pressure  of  Eartb-Wedge. — 

Bume  tlie  weight  of  the  wt'dge  DBJ  =  ^  w.  =  0^  to  be 
ktheitHl  into  its  vertical  resultant  i>assing  through  its  cen- 
s  of  gravity,  */ ;  then  the  thrust  P  of  the  wedge  equals 
I  weight  into  its  horizontal  breadth  BJ,  divided  by  its 
rtical  height  BI)  = 

P  =  Aim  tan  fl  =  IFi  cotan  (*  +  f).  (14) 

Draw  the  vertical  resultant  TT,  to  scale  in  cP,  meeting 
be  inclined  plane  //*,  in  P. 

The  thruat  effect  of  TF]  will  have  its  maximum  action  in 
t  line  parallel  to  the  line  DV^ ,  since  the  mass  \\DB.J,  as 
I  whole,  tends  to  move  down  the  plane  F,Z>. 

The  theoretical  reaction  from  the  wall,  necessary  to  sub- 
^iD  TTj ,  will  then  be  in  a  direction  parallel  to  />  Vi ,  cutting 
^e  vertical  resnltant  in  P.  Di-aw  the  reaction  of  the  wall 
J  Bcale  in  nP.  The  reaction  of  the  plane  JD  is  in  direc- 
tion and  magnitude  equal  to  the  diagonal  Py,  of  the  paral- 
lelogram of  which  W-!  and  P  form  two  sides.  Draw  tlie 
reaction  of  JD  to  scale  in  VP.  Tlien  will  the  three  result- 
ants eP,  nP,  and  VP  be  in  equilibriara  about  the  point  P. 

Let  «  =  30"; 

Asstime  the  tilling  to  be  of  gravel,  weighing  125  jxmnda 
per  cubic  foot  and  that  after  a  storm,  its  drains  being 
obstructed,  its  voids  are  tilled  with  water,  increasing  the 
weight  to  140  pounds  per  cubic  foot,  =  Wj ;  then 

W,  =  f  colan  (♦  +  ,)  a,.  =  *^- .  tan  "^'-^ 

=  12  feet  X  'I  feet  x  .57736  x  140  pounds 

=  5.890  pounds  =  2.91  tons. 

The  reaction  from  the  wall  necessary  to  sustain  the 
Iweight  of  the  wedge  JBD  = 
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P  =  Wt  t&n  «  =  ^  cotan*  (<p  +  9)  to,  (16) 

=  2.91  tons  X  .57736 
=  1.68  tons. 

The  horizontal  effect  of  P  = 

X  =  P  cos  <^  =  AiZDt  tan  d  cos  ^  (18) 

=  1.68  tons  X  .86602=  1.46  tons. 

The  throst  of  the  wedge  tending  to  push  away  and  to 
oyertom  the  wall  is  equal  to  the  reaction  from  the  wall 
necessary  to  sustain  the  wedge  in  position.  We  find  ite 
horizontal  effect  in  this  case  to  he  1.46  tons,  and  this  is  the 
maximum  effect,  =  x,  tending  to  displace  the  wall  hori- 
zontally. 

413.  Equation  of  Moment  of  Pressure  Lieverage. 
— Tlie  maximum  inoment  of  pressure  leverage^  L^  tending 
to  overturn  tlie  wall  around  its  toe,  equals  x  into  the  height, 
in  feet,  above  D  at  which  x  meets  the  wall. 

When  the  wall  is  vertical  and  the  surface  of  filling  hori- 

• 

zontal,  X  alwavs  meets  BD  at  one-third  h  from  2),  =  i^ ; 

'       3 

thert^fore  tlie  equation  of   moment  of  pressure   leverage 

becomes 

Lx  =  x^=  {A2W2  tan  0  cos  0)  -  (17) 

12  ft 
=  1.45  tons  X  — ^  =  5.80  tons. 

414.  Thickness  of  a  Vertical  Rectangrular  Wall 
for  Earth  Pressure. — Tlie  moment  of  weight  leverage  of 

a  v(^rtical  rectangular  wall  is  — tv— >  in  which  z  is  the  thick- 

ness  of  the  wall.  •/ 
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-  Tlie  double  moment  of  presBure  levei'age  of  earth  lev«I 
ith  the  top  of  the  wall  is 


A'iO;  tan'  fl  cos  *)  x.  -^~  w^t  ton'  0  cos  0. 


When  the  wall  just  balances  the  theoretical  don  bit 
jsure  of  the  earth  level  with  its  top, 


hom  whicli  is  deduced  the  equation  of  thickness  for  a  rer- 
1  rectangular  wall, 

( 9A*w»  tan^  tf  cos  <p  ti       (A'Wjtan'fl  coB?i|i        ,    . 
'-] Shw f  -1 IM \        ^^^> 

415.  Snrchat^red  Earth-Wedge. — A^^len  the  earth- 
l  behind  a  wall  is  carried  up  above  the  top  level  BJ  of 
the  wall,  and  is  sloped  down  against  the  top  angle  B,  or 
upon  the  top  of  the  wall,  the  till  DBF  is  then  termed  a 
stiTfharged  fill. 

Its  weight  W.  is,  as  in  the  case  of  the  level  fill,  per  lineal 
foot, 

W,  =  A.jw^.  (19) 

To  compnte  the  pressure  of  the  surchai^ed  fill,  we  may 
divide  the  mass  ViDBF  into  two  wedges  by  a  plane  DF^ 
bisecting  th^  angle  V,I>B.  and  take  tlie  atition  of  the  wedge 
FDB  as  equivalent  to  tlie  eflfective  action  of  tlie  whole  mass 
VDBF. 

Let  the  natural  frictional  angle  of  the  earth-fill  be 


\ 


The  area  4,  of  the  wedge  FDB  may  be  computed  by 
ly  mettiod  of  ascertaining  the  area  of  a  triangular  super' 
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ficies.  Jly  with  a  given  slope  BFy  the  fill  does  not  rise  u 
high  as  JFj  and  its  surface  level  cuts  JFB  and  I^J  betweei 
the  levels  of  F  and  B^  then  its  area  is  ascertained  by  any 
method  of  ascertaining  the  superficies  of  a  trai)eziuni. 

Let  fall  upon  BF  a  perpendicular  from  Bj  meeting  DF 
m  i ;  then  the  distances  IH  and  iF  are  equal,  each,  to  the 


90® 

cosine  of  the  angle  BBF=  cos.  — ^ — -  =  cos  ^ ;  and  the 

distance  iB  is  equal  to  sin  — ^^  =  sin  S. 

Let  the  height  2)5  =  A  =  12  feet 

The  area  BDF  equals  the  length  DjPinto  one-half  iB- 

At=h  X  2  cos  0  X  hlsind  =  h  cos  ^  x  A  sin  0     (30) 
=  (12  X  .866)  X  (12  X  .5)  =  62.53  sq.  ft 

Let  the  mean  weight  of  the  fill,  which  is  quite  sure  to  be 
drained  above  the  level  BJj  be  assumed  130  pounds  per 
cubical  foot. 

416.  Pressure  of  a  Surcharged  Earth- Wedjpe.— 

Suppose  the  weight  to  be  gathered  into  its  vertical  resultant 
passing  tlirough  the  centre  of  gravity  gr„  of  the  mass  BFB. 
This  vertical  resultant  will  meet  the  plane  J^B  in  Pi  at  a 
level  higher  than  P. 

The  wedge-thrust  Pi,  due  to  the  weight  TF^,  equals  the 
weight  into  the  horizontal  breadth  BJy  divided  by  the 
height  BB  = 

P,  =  Tr,tan  ^  r"*  =»  Am^  cotan  («  -f-  v)  =  (21) 

62.53  sq.  ft.  x  130  lbs.  x  .577  =  4690.38  lbs.  =  2.346  tons. 

Tlie  maximum  pressure-action  of  the  weight  upon  the 
Tall  is  in  a  direction  parallel  to  F,A  the  natural  fHcdonal 
angle  (p,  of  the  tilling  material.  Its  horizonUU  pre9ture 
f^fftrt,  Xx,  is  tlien*fore : 
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Xi  —  P,  X  cos  0  =  A-ar^  tan  0  cos  ?)  =  (22) 

2.345  tons  x  .8^6  =  2.(13  tons. 

'  The  maximnm  liorizontal  pressnre  resultant  takes  its 
!ction  tlirough  P,  and  meets  the  wall  at  tlie  altitude  of 

,  which  is  greater  than  -  . 

We  may  here  obsei-ve  that,  even  though  the  fill  DBF 

\  of  lighter  material  tlian  the  till  DBJ^  so  that  the  total 

teiglit  of  one  is  exactly  equal  to  the  total  weiglit  of  tlio 

iher,  the  pressure  leverage  eifect  from  tlie  siirrliai^etl  fill 

I  exceed  the  pressure  leverage  effect  fioni  the  level  fill, 

jcause  its  centre  of  gravity  g^  will  be  higher  tlian  r/,  its 

tical  resultant  Wi  will  meet  the  plane  JI>  in  -P,  at  a  ]K)int 

gher  than  P,  and  its  liorizontal  resultant  X\  will  meet  the 

■wall  at  a  greater  altitude  from  i?'t]ian  will  the  resultant  x. 

Let  Tx  be  the  symbol  of  the  ratio  of  h  at  which  t,  meets 
the  wall  from  D ;  then  if  x^^  meets  DB  at  \h^  r*  —  .3BS3  ; 
and  if  a;,  meet  DB  at  JA,  n  =  .5,  etc. 

417.  Moment  of  a  Surcliarge  PreHwure  Ijpverani'- 
— ^The  maximum  irumient  of  pressnre  lei^erage  L„  of  a  sur- 
charged fill,  tending  to  overturn  the  waJl  around  its  toe, 
equals  Xi  into  the  height,  in  feet  =  {r^h)  above  D,  at  whicli 
Zi  meets  the  nail. 

Zi=XiX  {rjt)  =  AjWt  tan  fi  cos  ^  {rji)  =  (23) 

2.03  tons  X  nm  =  J2.14  tons. 

418.  Pressnre  of  an  Infliiite  Siircliai^re.— Let  BF, 

Pig.  78,  be  the  natuiul  sloi)e  of  the  filling  material,  and 
parallel  with  DI,  which  makes  with  DL  the  natural  fric- 
laonal  angle  LDI  —  <p.    Let  ^^ extend  indefinitely. 

If  IDBF  if  a  perfect  solid  it  will  be  just  upon  the  jiniiit 
k  of  motion  down  the  slojie  ID ;  on  the  other  hand,  if  IDBF 
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is  liquid,  of  specific  gravity  equal  to  the  specific  gravity  of 
the  filling  material,  it  will  then  exert  its  niaxiniuiu  pressare 
upon  the  wall-face  DB. 

Let  the  filling  be  considered  liquid,  resting  upon  the 
equivalent  horizontal  base  2)/,  and  having  the  equimleid 
horizontal  surface  BF. 

Let  fall  upon  DI  a  perpendicular  from  A  meeting  DI 
\xij\  then  will  Bj  be  an  equivalent  vertical  projection,  or 
trace,  of  BD.  The  angle  BBJ  equals  the  angle  LDI  —  ^. 
The  distance  Bj  =  A,  equals  the  distance  B/>  {=h)  into  the 
cosine  of  the  angle  BBJ  =  h  cos  (p. 

The  direct  liquid  pressure  Pi  upon  BJ  equals  i^-  to,  = 

Pi  =  ^^2  Y  ^^s'  *'  (24) 

and  the  pressure  upon  BD  in  the  same  direction  is 

=  t^2-rt    COS  0, 

5in(l  it.s  maximum  resultant  has  a  direction  parallel  witli 
IJJ,  and  meets  BJ  at  one-third  the  height  ^jB,  in  m,  and  BD 
at  one-tliird  tlie  height  i>Zf,  in  P,. 

The  horizontal  pressure  effect  Xi  upon  the  wall  BDj  is 

Xi  =  Pi  cos  0  =  «^2  -  cos'  0  =  (25) 

130  lbs.  X     -  X  .0405  =  0079.32  lbs.  =  3.036  tons. 

Tiie  maxiinum  moment  of  liquid  pressure  leverage  Li 
of  the  infinite*  sui  charged  fill  tending  to  overturn  the  wall 
around  its  toe,  equals  Xi  into  one-third  the  height  BJ). 

A  =  ^1  Y  =  (^2  2"  ^'^^^*)  ^   3"  "^  ^ 

3.036  tons  x  ^3—  =  12.14  tons. 

o 
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419.    K<>Hi!4tance   of    MuMonry   ICevettueuttt, — The 

lemeuts  of  stability  of  a  revetiueut  tliat  fuables  it  lo  sus- 
^11  tbe  tlirust  of  an  Kartli-Hlliiig  beliind  it,  an*  identira! 
htii  tliose  wu  bave  ab-eady  esamJued  (§  401),  tbat  enable 
I  to  sustain  a  pressure  of  water. 

Tiiere  must  be  Bufficieut  weiglit,  W,  Ut  give  it  frictinnal 
ability.  .S',  and  tlio  profile  must  be  adjusted  so  that  with 
be  given  weight  the  mass  sliall  liave  the  requisit*-  moment 
It  of  weight  ievei-age,  witb  an  amjih'  coefficienty  of  safety, 
I  resist  the  thrust  of  the  earth-filling,  at  its  maximum. 

The  weight  of  wall  above  any  given  horizontal  plane 
stween  B  and  D  (Fig.  77)  equals  the  area  of  the  section 
ove  that  ])!ane  in  square  feet,  into  the  weight  of  a  cubical 
tof  the  materials  of  the-wall  (§398), 

=  W=  Aw. 


The /Ticti<mal  stability,  S,  of  the  wall  at  the  given  hori- 
zontal plane,  that  has  to  resist  the  horizontal  pressure  of 
the  earth  filling,  winals  the  weight  of  masonry  above  that 
plane,  plus  the  vertical  downward  pressure  of  any  wattr 
that  may  rest  upon  its  front  batter  {EC,  Fig.  80),  less  the 
vertical  resnltant  of  upward  pressure  beneath  the  plane  or 
in  the  Ix^-joints,  and  into  the  coefficient  of  friction  of  the 
given  section  upon  its  bed  (g  398), 

8  =  (W+e-  c,z,).c. 

The  moment  of  weight  leverage  of  the  wall  tliat  has  to 
resist  the  overturning  tendency  of  the  earth-thnipt,  equals 
the  weight  of  the  masonry  above  the  given  plane  into  the 
horizontal  distance  of  the  centre  of  gravity  of  the  masnnrv 
from  the  toe,  or  fulcrum,  over  which  the  thrust  tends  to 
rBTolveit(§402). 


L 
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In  these  equations : 

W  is  tlie  weight  above  the  given  plane. 

^  u   u    frictioual  stability  of  the  given  section. 

M  "   ''    moment  of  weight  leverage  of  the  given  sec&iL 

e   "   "    vertical  downward  water  pressure  resultant. 

Zi  "   *'    vertical  upward  water  pressure  resultant. 

Ci  "   '*    ratio  of  effective  vertical  upward  water  pressurp. 

c   "   "    coefficient  of  friction  of  the  given  S4*etion  upoo 

its  bed. 

The  moment  of  weight  leverage  of  the  wall  must,  for  a 
safe  coefficient  of  stability,  be  equal  to  double  the  moment 
of  pressure  leverage  of  the  earth  fill ;  that  is,  for  a  level  fill 
we  must  at  least  make 

^-     =  Jjif*  tan.  0  COS.  ^  ^ 
and  for  a  surchargeil  till. 

5^    =  J-^r- tan.  ^  COS.  o  !>**>, 

and  a  like  maririn  i»f  frictioual  stability  should  be  secured. 

4*iO.  Final  KesiUtauts  in  Revetments. — The  height 
of  thi^  wall  Fill.  TV>'  is^  the  same,  by  scale,  as  the  wall  in 
Fisr.  77.  wlu»>»'  n-aotions  to  sustain  the  level  and  surchargt'd 
tills  wo  havi*  iuvi»>liciil«'d. 

Tho  Iviok  of  tl.o  Avail  Fig.  79 •  is  vortical,  and  the  liori- 
,vM):al  oartl.  tlirusts  airainst  it  an*  as  befort*  computed— viz., 
1.4,^  tor.s  \oT  tho  lovol  till,  and  2.t«  tons  for  the  surchai?:ed 
till  n:^nv  tl>^^  l^.vw/'MUal  t^rth-thrust  resultants  to  the 
h  t^  tn  !r.  a  vi  rioal  Wwr  jvu^ssim:  ihwugh  the  centre  of  gravity 
v^  f^.x  .*-i<,^•-\,  in  ihrir  n^i^vtive  diivctions  and  at  their 
n  sivv;ix .  :4::;v..vv^  Draw  in  the  reitkal  line  the  vertical 
xxokV.!  :>  s..-.:a;.:  v^f :: >  v..aAMir>-in  PK:  complete  the  paral- 
!..»  ..„».»    5^  V    .:     :•.«::  ^fi^.l  the  diajE^nud  POj  lepreseot,  in 


TKAPF,ZOIUaL  uevetments. 
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(ftgnitude  and  diivuHon,  tlie  resultant  effect  of  the  level  till 
BBJ. 
Draw  the  vertical  weight  j'esultant  of  masonry,  also,  in 
''    Pje,,  and  complete  the  parallelogram  P^eJifXi ;  theu  will  the 
diagonal  P^M  repretK-nt,  in  magnitude  and  direction,  the 
reHnltant  effect  of  the  surcharged  fill  LDBF. 

The  compamtive  thrust  effects  of  the  level  and  sur- 
charged fills  upon  the  masonry  are  shown  by  the  positiona 
of  the  respective  final  resultants,  and  the  comparative  re- 
sistances of  the  wall  against  each,  by  the  distances  from 
C,  at  which  their  directions  cut  the  plane  CD. 

Fio.  79. 


421.  Table  of  TraiK-zoiilHl  UevetnieiitH.— The  fol- 
lowing table  of  dimensions  of  walls,  to  sustain  earth,  in 
which  the  sections  are  trapezoidal,  and  face  batters  limited 
to  two  inches  per  foot  rise,  is  adapted  for  walls  to  sustain 
gradings  about  pump-liouses.  reservoir-grounds,  etc.,  and 
will  give  approximate  dimensions  for  plotting  trial  nectiona 
H  when  it  is  desired  to  resolve  the  profile  into  other  forms. 
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TA  BLE     No.    88. 

Approximate  Dimensions  of  Walls  to  Sustain  Earth. 

For  granite  rubble  waiis^  in  mortar^  of  specijie  gravity  2.25,  or  7t*tigkt  140  /mm^ 
per  cubic  foot^  to  retcun  earth  level  with  the  top  0/  the  waU. 


UelghtofwaU, 
in  feet. 

:  Top  breadth  of 
'      wall,  in  feet 

:  Face  batter  of 
,    wall,  in  inches 

Baae  breadth  of 
wall  at  lower  earth  t 

Thickness  of  a 
ertical  reciuiKidv 

per  foot  riae. 

surtiure,  in  feet. 

•  1 

wall,  in  fiect 

4 

30 

0 

3-0            Ij 

30 

5 

30 

0 

3.0             i 

30 

6 

30 

0 

30 

30 

7 

30 

0 

325 

350 

8 

30 

' 

Z^Z        ,; 

4.00 

9 

Z'i2^ 

A 

4.83         ' 

4  25 

10 

Z-^Z 

t\ 

5.00        i 

450 

II 

3    5 

4 

5  25          , 

5.00 

12 

3-5 

2 

5-67 

550 

13 

3-5 

2 

6.33 

5«3 

14 

3-5 

2 

7.00 

6.25 

J5 

3-5 

2 

7.50 

6.75 

16 

4.0 

2 

8.00 

7.25 

17 

4.0 

2 

8.67 

7-75 

18 

50 

2 

9.00 

8.25 

19 

5-0    : 

2 

9  50 

«-75 

20 

50 

2 

987 

9.00 

21 

^.0 

2 

10.50 

9.50 

22 

S'O      ; 

2 

II  .00 

10.25 

23 

5  0 

2 

^^'Zz     ': 

10.50 

24 

50 

2 

11.78 

1 

10.75 

It  will  ranOy  \m^  advisable  to  reduce  the  top  thickiieases 
given  ill  tlu*  tabh\  with  a  view  only  to  economizing  ma- 
terial let^t  the  t<)]>  coui-st^s  l)t»  too  light  to  withstand  the 
Tariety  of  shocks  Xo  w  hich  they  will  be  liable,  and  which 
are  not  nvognizinl  in  the  common  formulas. 

Severn!  emintMit  pi-ofessors  who  have  written  upon  the 
tht»orv  of  n^taining  walls,  give  formulas  for  determining  their 
pn>|H>rtions :  but  such  formulas  usually  give  too  small  top 
bn^adths,  for  ])ractical  adoption,  for  low  walls,  and  objec- 
tionably  gn.»at  top  bn^adths  for  high  waUs. 


eUKVED    FACE— BATTEK    EtJUATlOS.  4-ii 

class  of  wall  has  its  owu  most  convenient  toji 

dtl),  which  remains  nearly  constant  througli  a  largt' 

Mge  (if  height. 

Common  uncoarsed  nibble  walls  of  granih',  laid  diy. 

d  be  increased  from  the  above  diniensionH  six  iiicljes 

'.  top  breadth  and  tliirtv -three  ]>er  (■cut.  in  tJic  linlloni 

readth.     If  the  level  earth-filling  behind  tiie  wall  is  tu  U^ 

ded,  or  snbject  to  traffic,  tlie  weight  and  li-vpiage  resist- 

e  of  the  wall  are  to  be  increased  aocordiiigly. 

e  thnist  of  the  filling  material  l>eliind  a  iftaining  wall, 
on  the  wall,  will  be  lessened  if  the  filling  next  the  wall 
in  tliin  horizontal  layers  and  well  settled,  in^nteiid 
of  being  allowed  to  sloiJe  against  it.  as  it  falls  at  the  liead 
of  a  dump. 

433.  Curved  Face — Batter  Equation. — When  it  is 
desired  to  give  to  the  face  a  curve.  Ilie  back  being  j)er}»en- 
dicular,  and  the  top  bnmdth  constant,  tin*  following  equa- 
tion will  assist  in  determining  nrdinatea  at  any  given  dcpth.s 
for  plotting  a  trial  section  (wV//^  •=  :^i*2,  p.  387). 

Let  b  be  the  assumed  top  breadth,  and  (  the  thicknisis 
at  any  given  depth  d,  tiieti 

t  =  b  +  .075Vd».  (37) 

For  illustration,  assume  the  top  breadth  iiof'  Irss  tliaii 

3.6  feet ;  then  for  sevend  given  dejilhs,  from  0.0  to  SO  feet, 

we  have  ordinates,  or  tliickneeses.  as  given  in  Table  No.  89. 

Upon  the  curve  thus  obtained,  steps  may  be  laid  off  with 

either  vertical  or  battei'ed  risers. 

Tests  with  tlie  equation  for  moment  of  leverage  stability, 
will  determine  whetlier  tJie  risers  may  cut  the  curve,  or  if 
the  inner  angle  of  tread  and  riser  shall  lie  in  tlie  curve. 

A  slight  increase  or  reduction  of  the  top  breadth,  or  of 
tt^e  fractional  mnltiplier,  will  increase  or  reduce  tlie  wall- 
L  section,  a»  desired. 
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TABLE     No.    89. 
Thickness  at  Given  Depths  or  a  Curved  Face  Wall 


DKrTHS. 

THKicnsL 

F^et. 

(*.) 

-ojsV^ 

Feet. 

O 

3.5 

+ 

.0 

^ 

3.50 

4 

3-5 

+ 

.6 

~^ 

4.10 

6 

3-5 

+ 

1. 10 

^^ 

4.60 

8 

3-5 

+ 

1.69 

-— 

5- 19 

lO 

3.5 

+ 

2.37 

= 

5-«7 

12 

3-5 

+ 

3." 

rr 

6.62 

15 

3-5 

+ 

4.36 

rr: 

7.86 

20 

3.5 

•+- 

6.71 

= 

10.21 

25 

3.5 

+ 

9.38 

— — 

12.88 

30 

3.5 

-f 

12.32 

^^^^ 

15.82 

423.  Back  Batters,  and  their  Eqnations. — ^When 
for  practical  or  other  reasons  there  is  objection  to  giving  all 
the  batter  to  the  front  of  the  wall,  and  a  j)ortion  of  it  is 
placed  upon  the  back,  then  it  is  usually  arranged  in  a 
i^ieries  of  offsets  or  steps  /?  A ,  Fig.  80. 

In  such  case,  the  weight  of  the  triangle  of  earth  BJ)JR 
may  b(»  assumed  to  be  supported  entirely  by  the  wall,  and 
as  producing  no  lateral  thrust  upon  the  wall.  This  triangle 
incn^as^^s  the  weight  leverage  of  the  wall,  and  moves  its 
weiglit  n^sultiint  farther  back  from  the  toe  C. 

Find  tlu:  centre  of  gravity  of  the  masonry,  in  g^  and  find 
th(»  centre  of  gravity  of  the  triangle  of  earth,  in  g^ ;  then  will 
the  c(nitr(»  of  gmvity  of  the  two  united  bodies  be  in  G. 

Let  LD^Ih^  th(*  natural  frictional  angle  of  the  material. 
Bisect  the  angle*  IPxB,  by  the  plane  T)yF\  then  we  may 
assume*  the  tmp^zium  DJLFyF  to  be  that  portion  of  the 
earth-filling  that,  considered  alone,  will  produce  the  maxi- 
mum thnist  eflTect  upon  the*  wall,  and  its  horizontal  and 
leverage  eflfects  may  be  computed  by  equations  21  and  23. 


INCUNATION    OF    FOUNDATION. 
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Prof.  Moseley's  equation  *  for  the  maximum  pressure  of 
a  surcharge  similar  to  this  is 

Pi  =  iw^  }^i  sec  0  -  (hi'  tan^  (p  +  c^^W  (28) 

in  which       C2  is  the  height  B^. 

Pi     "       maximum  pressure  of  the  earth. 
Wi     "       weight  of  one  cubic  foot  of  earth. 
hi     '        vertical  distance  DiC^. 
<f>     "       frictional  angle  of  the  earth. 

424.   Inclination    of  Foundation. — The   frictional 

stability  of  a  wall  upon  its  foundation  is  materially  in- 

-^  - 

*  Mechanics  of  Engineering,  p.  426.    Van  Noetiand,  New  York,  1860. 
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creased,  and  its  pressure  is  more  evenly  distributed  npoo 
the  foundation  stratum,  if  an  inclination  is  given  to  the  bed 
nearly  at  right  angles  to  the  final  throat  resultant,  as  io 
Fig.  80.  Bed-joints  may  often  be  similarly  inclined  with 
advantage. 

A  sliding  motion  in  such  case  involres  the  additiuoai 
work  of  lifting  the  whole  weight  up  the  inclined  plane. 

4t25.  Front  Batters  and  Steps. — Masons  experience 
a  very  considerable  difficulty  in  laying  the  face  of  rubble 
walls  witli  batters  exceeding  two  inches  to  the  foot  and 
often  with  batters  exceeding  one  and  one-half  inches  to  the 
foot,  unless  with  stones  from  a  quarry  where  the  traa^verse 
cleavage  varies  several  degrees  from  a  perpendicular  to 
the  rift. 

The  difficulty  is  increased  when  the  bed-joints  of  the 
work  are  level  from  front  to  rear,  as  the  workmen  prefer  to 
make  them. 

It  IS  esjiecially  troublesome  to  the  workmen,  and  expen- 
siv»»  as  well,  to  make  fac»*-batters  of  high  walls  confonn  to 
the  theoretical  curvtHi  batters  dt:^uced  frt>m  the  logarithmic 
equations. 

It  is  bt^tten  therefore,  to  trans|X)se  the  curve  into  a  series 
of  stt^ps  when  its  tan^^-nt  inclination  exceeds  two  inches  to 
tlh»  tWn,  ill  which  case  the  steps  may  liave  equal  heights 
aiul  varyiiiiT  projtH.nious,  as  in  Fig.  SI,  which  is  a  n^vetment 
u{H>ii  a  iKivipible  river,  or  may  have  both  varying  ris4»  and 
im>ieitioiu  with  batter  upt->u  the  rise,  as  in  the  weir,  Fiji.  72. 

ViiK  Top  Brt^adths.— Tlie  thickness  at  the  tup  of  a 
rv*veimt»nt  sluniUl  in  all  eas*^  b>»  <ufficient.  so  that  its  weight 
will  Iv  able  to  n\>i>t  rhr»  fnwt  ex|vinsion  thrust  of  the  sur- 
favv  layers  v^f  tlie  ^*;4rth.  S>ni»*times  a  hatter  is  given  to  the 
l>jiek  of  the  wall,  thnv  or  four  f»vt  down  fh>m  the  top,  to 
enable  the  earth  to  ex]vuKl  ntidily  in  a  vertical  direction. 


TOP  BREADTHS. 
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and  thus  act  with  less  force  horizontally  against  the  backs 
of  the  cap-stones. 

An  inci-eased  thickness  at  the  top  of  the  wall,  and  at  all 
points  of  depth,  is  also  necessary  when  the  filling  is  liable 
to  be  loaded  with  construction  materials,  fael,  merchandise, 

Pig.  81. 


AJ/ 


i« 


or  other  weights,  or  if  it  is  to  sustain  traffic  of  any  kind. 
The  additional  weight  may  in  such  case  be  considered 
equivalent  to  a  surcharge  weight,  and  the  centre  of  gravity 
of  thjB  filling  and  of  the  additional  weight  will  be  resolved 
into  their  united  cejitre  of  gitivity  and  the  vertical  resultant 


'<i 
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be  considered  as  passing  through  this  new  centre  of  gran^. 
'Hie  new  horizonUl  thrust  resultant  will  then  act  apon  tlu 
wall  at  a  greater  altitude,  and  with  greater  leverage  thas 
the  horizontal  resultant  of  lilling  alone   (,§  416,1,  as  liu 
been  already  demotistrated. 

In  the  cases  of  discharge  weir«  the  floods  are  conaidewd 
as  surcharge  weiglita,  and  not  only  the  depth   of  water 
behind  the  weir  and  upon  its  crest  is  to  be  considered,  bat 

Fio.  82. 

'  r^ 

m^- 

-1 

"" 

■     /  /^__ 

-L- 

the  additional  height  to  which  the  velocity  of  approach  of  1 
the  water  is  due. 

If  there  is  but  one  or  two  feet  depth  of  water  flowing  I 
over,  then  the  cap-stones  may  be  snbject  to  the  blows  df  f 
logs,  cakes  of  ice.  and  such  debris  as  tlie  floods  gather. 

'421.  Wliarf  WhIIs. — When  a  wall  is  to  be  generally' 1 
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pel  for  wharf  pnrpoaes,  its  lac*-  sliould  lie  protected  by 
Tuiiiier  i)ik'ci,  both  for  its  own  iKlvaiitage  atid  tliat  of  tin- 
v^-sst'ls  tiiat  lie  alongside. 

Fig.  82  illustrates  the  method  of  piling  aud  capping, 
ftdojited  by  the  writer,  in  an  extensive  wharf-pier  of  one- 
lialf  mile  frontage  in  one  of  the  deep  liarboi-s  upon  tlie  New 
England  coast.  Tlie  caps  are,  in  this  case,  dressed  dimcii- 
piou  stones,  tlii-ee  and  one-half  feet  wide  and  one  foot  thick. 
The  wharf  log  is  made  up  of  12"  x  10"  and  12"  x  8"  haid 
pitch  pine,  placed  one  upon  the  other  so  as  to  break  joints, 
and  tre-nailed  together.  Tlieanchoi-sof  the  pile-heads  pass 
thronirh  the  cap-log,  and  their  bolts  pass  thi-ough  the  ca]>- 
stones  into  headers  specially  placed  to  receive  them.  The 
piles  are  placed  eight  feet  between  centres,  and  each  fourth 
pile  extends-  above  the  log  for  a  belay  pile.  Waling 
piecesofe'x  12"  hardpine  are  fitted  between  the  pile-heads. 
and  spilit^  to  the  face  of  the  cap-log  to  confine  the  jiile- 
heads  rigidly  in  place.  Midwaj'  bi'tween  the  belay  i)ih's 
an'  belay  rings,  whose  bolts  jiass  through  the  cap-logs  into 
headers,  and  are  also  anchori^l  b^'  sti-ajis  to  cap-Btones. 

4*38.  Comiter-forted  Wall«. — There  is  so  rarely  an 
economic  advantage  in  counter-forting  a  wall,  excejit  in 
tliose  cases  of  brick  walls  where  the  counter-fort  may  take 
the  form  of  a  buttress  uiwn  the  exterior  face,  that  we  shall 
not  here  devote  space  to  their  si)ecial  theoretical  investiga- 
tion, which,  by  gi-aphical  analysis,  is  a  simple  reapplication 
of  the  principles  already  laid  down. 

4'.29.  Eleiiieut8  «f  Failure.— In  our  theoretical  inves- 
tigation of  the  resistances  of  masonry  to  sliding  or  overtum- 

^P^ig  we  have  supposed  the  walls  to  be  laid  in  mortar  and 

^Molid,  and  well  bonded,  so  that  the  mass  was  practically 

^bne  solid  piece,  considered  as  ime  foot  loug. 

^K<    If  any  given  foot  of  length,  considered  alone  as  a  unit 
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of  length,  ia  foiuid  stable,  and  eacli  other  fucjt  is  iH|iial  tn  it, 
then  evidently  the  whole  length  will  be  stable. 

The  jointa  from  front  to  rear  in  cut  and  first-class  nibble 
^alls  are  usually  laid  level,  and  the  workmen  inteud  to  givo 
a  good  bond  of  one  course  upon  another.  When  considt* 
ing  the  leverage  stability  of  a  high  wall,  at  the  respectiie 
joints,  working  from  top  downward,  we  usually  treat  tl» 
joints  as  horizontal  planes.  Let  us  turn  again  to  the  skKi-k 
of  the  partition  wall,  Fig.  76,  wliicli  has  joints  laid  offiinon 
it  showing  an  av(>mge  class  of  rubble  work.  Supposi?  \lm 
watiT  to  be  drawn  off  from  the  side  SO,  and  the  full  watcJ 
upon  the  opposite  side  to  be  freezing,  and  the  ice  exerting! 
tlirust  upon  the  upper  courses  of  the  wall.  We  investigaai 
the  leveragi?  stabilty  at  the  joint  ^'„  and  find  tliat  it  n-il 
resist  a  considerable  leverage  strain,  which  for  further  illn^ 
tration  we  assume  to  be  ample.  Ebcamining  critically  tin 
building  of  the  wall,  we  find  that  jy',  is  not  tho  real  joiii^ 
and  j\  the  fulcrum  to  be  considered  in  connection  wiUl 
pressure  upon  BJ,  but  in  consequence  of  faulty  workniua- 
ship,  j'jtj,  is  the  zigzag  joint  and  j,  the  fulcrum,  ai^d  tliat 
the  joint,  instead  of  being  horizontal,  is  an  equivalent  ia* 
dined  plane  on  wliich  thu  wall  is  quite  likelj-  to  yield  by 
slipping  slightly  with  each  extra  lateral  strain  i)ut  upon  it. 

If  in  a  high  and  long  wall  such  weaknesses  arj  repeat"*! 
several  times,  the  result  will  be  a  bulge  upon  the  fart?  i 
the  wall,  ordinarily  reacliing  its  inoximuni  at  about  oiitt- 
third  the  height  of  the  wall,  the  portion  above  that  lei 
appearing  to  have  been  moved  bodily  forward,  and  retain- 
ing nearly  its  true  batter. 

When  walls  are  so  high  as  to  require  a  thickness  in  I 
considerable  portion  of  their  height  exceeding  8<*ven  or 
eight  feet,  careless  wall-layers,  who  are  not  entitled  to  t)i« 
honorable  name  mechanic,  often  pile  up  an  oul-side  and 
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Mde  course,  ind  fill  in  the  middle  witli  tlieir  refuse  stone, 
bus  producing  a  miserable  structure,  esiiecially  if  it  is  di-y 
pbble,  tliat  is  almost  destitute  of  leverage  stability,  unless 
I  great  surplus  of  stone  is  put  iuto  tlie  wall  sufficient  to 

ist  the  thrust  of  an  earth-backing  by  compounded  weiglit 

ne. 

Short  walls  supported  at  each  end  may  by  such  tjans- 

rse  motion  be  bi-ought  into  an  arclied  form,  concave  to 
tlie  pressure,  but  at  the  same  tinn-  iuto  a  state  of  longitudi- 
nal tension  that  will  assist  in  preventing  further  motion. 

If  there  is  tiie  least  tmnsverse  motion  in  a  mortared  wall 
BQstaining  wat«T,  the  masonry  ceases  from  tliat  instant  to 
1>e  water-tigtit,  and  if  the  stones  are  in  tlio  least  disturljei 
on  their  bed  after  their  mortar  has  begun  to  set,  the  wall 
will  nev-ir  be  tight. 

4."20.  End  Supports. — Well  constructed  sliort  wnliis, 
supported  at  each  end,  such  as  gate-clianiberand  whi?el-pit 
walls,  have  an  appreciable  amount  of  that  transverse  resist- 
ance prominently  recognized  in  a  beam,  which  permit# 
theii-  sections  to  be  reduced,  an  amount  dependent  on  the 
effective  value  of  sucli  transverse  support.  Tlie  supported 
ends  of  long  walls  transmit  tlie  influence  of  the  support  in  & 
decreasing  ratio,  out  to  some  distance  from  the  eupiM)rt8, 
and  walla  whose  ends  abut  upon  inclines,  as  in  the  cast*  of 
stone  weirs  across  valleys,  may  be  reduced  in  thickness, 
ordinarily,  at  the  top  and  through  their  whole  height,  as 
the  height  reduces. 

431.  Filled,  and  Concrete  Revetments.— Walls  on 
deep  wat*'r-fronts,  as  in  Fig.  81,  for  instance,  when  laid 
within  coffer-dams,  are  often  faced  with  coni-sed  ashler 
having  dressed  beds  and  builds,  and  backed  up  with  eithei 
nibble-work  laid  in  mortar,  or  with  concrete,  tlie  headers  of 
the  ashler  being  intended  to  give  the  requisite  bond  between 
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the  two  classes  of  work.  Much  care  most  be  exercised  in 
such  conii)06ite  work,  lest  the  unequal  settlement  of  the 
different  classes  of  work  entirely  destroy  the  effective  bond 
between  them  and  thus  lead  to  &ilure. 

Such  walls  have  been  constructed  with  perfect  suoce^ 
without  coffer-dams,  of  heavy  blocks  of  moulded  beiorij  and 
also  successfully  by  depositing  concrete  in  place  in  the  wall 
under  water,  with  the  assistance  of  a  caisson  mould,  or 
sheet-pile  mould,  thus  forming  a  monolithic  revetment 

Foundations  under  water  to  receive  masonry  structures 
have  also  been  successfully  placed  by  the  last-mentioned 
system. 

Concrete  structures  under  water  laid  without  coffers, 
however,  demand  the  exercise  of  a  great  deal  of  good  judg- 
ment, educateji  both  in  theory  and  by  piacticey  and  admit 
only  of  the  most  fedthful  workmanship. 
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CHAPTER    XX. 

MASON  BT     CONDUITS, 

432.  Protection  of  Chaniiels  for  Doine«tic  Water 
>lies. — The  observatiuns,  sound  reasonings,  and  good 
gnmnta  that  intiuunct.'  nmnicipalitU'B  to  sepk  and  secuiu 
:  most  wboK'Some  and  ccwleHt  wat^'ra  for  their  domt'stio 
,  compi'l  tlicm  also  to  guard  the  purity  and  maintain 
'  equable  temperature  of  tlie  waters  aB  they  flow  to  the 

t  of  distribution. 
The  lai'gcr  cities,  with  few  escepti<inB,  must  lead  their 
at^TS  in  artificial  conduits,  from  sources  in  distant  hills, 
neitlier  the  soils  nor  atmosphere  are  tainted    by 
fcorapositions  sucli  as  are  always  in  progress  in  the  midst 
f  large  concoHrses  of  liuman  beings  and  animals. 
Such  long  watercourses  ought  to  be  paved  or  revetted, 
their  cun-ents  will  be  impregnated  with  the  minerals 
over  wliicli  they  flow,  and  will  cut  away  their  banks  where 
the  channels  wind  out  and  in  among  the  hills.     An  arch  of 
masonry  spanning  from  wall  to  wall  is  then  the  most  sure 
protei'tion  from  inflowing  drainage,  the  appi'oacli  of  rattle 
and  vermin,  the  heating  action  of  the  summer  sun.  and  the 
growth  of  aquatic  plants  in  too  luxuriant  abundance. 

43.*J.  Exain|il<>H  of  Coinluifct*.— When  projier  grades 
are  attainable  to  jiermit  the  waters  to  flow  with  fi-ee  snr 
faces,  such  conduit^*,  n-(|uiring  more  than  six  or  eight  square 
feet  sectional  area  are  ni»nal]y,  and  most  economically,  con- 
Btmcted  of  hydraulic  masonry. 
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Figures  83  to  89  illustrate  some  of  the  forms  adoi>ted  is 
Americau  masonry  c^uduita. 

I"^.  87  is  a  section  of  the  Croton  uuuduit,  at  a  point 
where  it  it*  raised  upon  embankment.  This  cTuuduit  is  TS 
wide  and  8-6J"  liigli,  and  conveys  from  Croton  Rirer  to  lii- 
diatributing  reservoir  in  Central  Park,  New  York  riii 
about  one  hundred  million  gallons  of  water  daily.  Thr 
combined  length  of  conduit  and  of  siplions  betwtH-ii  CnH'W 
Dam  and  Central  Park  is  alsout  thirty-eight  niile.s  and  tliej 
were  completed  in  1842. 

Pig.  88  is  a  sf-citioii  of  the  Washington  conduit,  wliichia 
circular,  of  9  fiM't  int*'rnal  diameter.  This  leads  water  fiiini 
a  point  in  the  Potomac  River  about  sixteen  mUes  from  tbe 
capital,  to  a  distributing  i-eservoir  in  GeoiTgetown.  fnini 
whence  the  water  is  led  to  tlie  Government  huildingi*  and 
grounds,  and  tlii'ongliont  the  City  of  \Va.shin]Lrton,  in  imn 
pipes.     This  conduit  was  constrnct<!d  in  1859. 

Pig,  84  is  a  section  of  tlie  BrooklATi,  L.  I.,  conduit  lend- 
ing tlie  waters  of  JamaicA  and  other  ponds  to  the  basin  »]■ 
joining  tlie  well  of  tlie  Ridgewood  pumping-engiiies.  This 
conduit  increases  in  dimensions  at  |H)int8  where  its  rolonw 
of  flow  is  augmented  from  8-2  '  wide  to  10' -0"  wide,  and  lo 
a  maximum  height  of  8-8".    It  was  constructed  in  18S9. 

Fig.  86  is  a  section  of- the  Charlestown,  Maap.,  rondiul, 
leading  the  water  of  Mystic  Lake  to  the  well  of  the  Mystic 
pum ping-station.  Ttiis  conduit  is  5-0"  wide  and  5-8'*  high, 
and  was  constructed  in  1864. 

Fig.  85  is  a  section  of  tlie  Lowell,  Mass.,  conduit,  rfJ 
4-3'  diameter.     This  leads  water  from    a    siibterrmuawV 
infiltration  gallery  along  the  mai^in  of  the  Merrimocil 
River,  a  short  distance  above  Ivowell,  a  portion  of  the  dis- 
tance to  the  pumptng-station.     Tt  was  cflnstnu-ted  in  1873. 

Pig.  89  is  a  Bi-clinn  of  the  second  Chicago  tunnel,  extei 
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under  Lake  Michigan  two  miles  from  tbe  sliore  to  the 
ke  crib,  and  underneath  the  city  to  the  side  opposite  to 
:■  shon-  of  tlie  lake.  It  ia  7 -0  '  wide  and  7-2"  liigh  in  tlie 
'I'he  masonry  of  this  tunnel  consists  of  three  rings  of 
vkwork,  the  two  inner  of  which  have  the  sides  of  their 
cks  ill  radial  lines,  and  the  outer  having  its  sides  o!' 
vk  at  riglit  angles  to  radial  lines.  This  tunnel  was  coti- 
teted  in  1874. 

Fig.  8S  is  a  section  of  the  Boston  conduit,  commenced  in 
175,  to  lead  an  additional  supply  from  Sudbury  River  to 
9  Chestnut  Rill  reservoir.  Its  length  ia  sixteen  and  one- 
llf  miles,  its  width  9'-0' ,  and  height  7-8". 

Tlie  new  Baltimoi-e  conduit,  as  in  progress  in  1876,  ia  to 

i  36.495  feet  in  length,  entirely  in  tunnel,  extending  from 

anpowder  River  to  the  receiving  reservoir.    The  portions 

i  with  masonry  are.  circular  in  sf'ction,  of  12  feet  clear 

3iameter.     The  inclination  is  1  in  5000,  and  the  anticipat^'d 

i-apacity  about  170,000,000  gallons  per  24  hours. 

The  Cochituate  conduit  of  tluf  Boston  water  supply  is 
G  feet  wide,  6-4  '  high,  of  oviform  section,  and  has  an  incli- 
nation of  3i  inches  to  the  mile.  Its  capacity  is  16,500,000 
gallons  per  84  hoars. 

434.  FounilatiniiH  of  Condttlts.— The  foundations  of 
masonry  conduits  must  hf  positively  rigid,  since  the  su|>er- 
structures  are  pmcticaUy  inelastic,  and  any  movement  is 
certain  to  produce  rupture.  A  crack  below  the  water-line 
admits  water  into  the  foundation,  and  tends  to  soften  or 
undermine  the  foundation,  and  to  further  settlement,  and 
to  additional  leakage.  So  long  as  the  foundation  yields, 
the  conduit  cannot  be  maintained  water-tight,  for  the  set- 
tling away  of  the  support  at  any  point  results  in  an  ur-due 
transverse  strain  upon  the  shell,  and  the  adhesion  of  the 
■  mortar  to  the  masonry  is  overcome  and  the  work  cracks. 
28 
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435.  Conduit  Shells. — A  perfect  shell  should  have 
considerable  teusile  strength  in  the  direction  of  its  circum- 
ference ;  but  Avhen  a  longitudinal  crack  is  product^  its 
tensile  strength  is  destroyed  at  that  i>oint,  and  cannot  again 
be  fully  restored  except  by  rebuilding. 

When  the  side  walls  are  of  rubble  masonry  they  are 
usually  lined  with  a  course  of  brick-work  laid  in  mortar,  or 
with  a  smooth  coat  of  hydraulic  cement  mortar.  Tlie  lx»t 
toms  are  frequently  lined  with  a  neatly  flat  invert  arch  of 
brick. 

All  the  materials  and  workmanship  entering  into  this 
class  of  structures  should  be  of  superior  quality. 

436.  Ventilation  of  Conduits.— Conduits  of  fonn  and 
construction  similar  to  those  above  illustrated  are  usually 
proportioufHi  so  that  they  an*  capable  of  delivering  the  max- 
imum volume  of  water  nxiuired  wlien  flowing  about  two- 
thirds  tuU.  ProAMsion  is  then  made  for  the  fnn^  circulation 
of  a  stratum  of  air  over  the  water  surface  and  beneath  the 
cov*.^ring  arch. 


Fig  90. 


Fig.  91. 


Fi^s.  90  and  91  illustrate  the  form  of  ventilating  shaft 
anil  cover  used  upon  the  New  Bedford,  Mass.,  conduit 
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These  shafts  may  be  used  also  for  nian-holo  sliafts,  wbich 
i  required  at  frequent  inteirals  for  insyjection  and  care  of 
i  coDdnit. 


437.  Conduits  under  Pressure.— Pig.  92  UIuBtrates  a 
oonduit  of  locked  bricks,  designed  by  the  writer  to  convey 
water  under  pressure.  The  specially  moulded  bricks  are 
eight  inches  long  and  eight  inches  wide  and  two  and  one- 
half  inches  thick.  Tliey  have  upon  one  side  a  mortise  six 
inches  long,  four  and  one-quarter  inches  wide,  and  one-half 
_  inch  deep,  and  upon  the  opposite  side  two  tenons,  eacli 
bsnatching  in  form  a  half  mortise.    When  the  bricks  are  laid 


436  MASONRY  GONDurra 

in  tlie  shell  the  tenons  at  the  adjoining  ends  of  two  faricb 
fill  the  mortise  in  the  brick  over  which  the  joint  breaks. 

In  bri(!k  conduits  as  usually  constructed  the  bricks  ha?e 
their  greatest  length  in  a  longitudinal  direction,  but  here  the 
length  is  in  circumferential  direction.  The  object  here  is  to 
utilize  to  the  fullest  extent  the  tensile  bonding  strength  of 
the,  masonry,  and  then  to  reinforce  this  strength  by  inter- 
locking the  bricks  themselves.  The  conduit  cannot  be  rup- 
tured by  pressure  of  water  without  shearing  off  raimerood 
tenons  in  addition  to  overcoming  the  cohesive  strength  of 
the  masonry. 

This  systcMn  permits  of  vertical  undulations  in  the  grade 
of  the  conduit  within  moderate  limits,  and  reduces  mate- 
rially the  amount  of  lift  of  the  conduit  required  upon  em- 
bankments. 

Ui)on  long  conduits  it  i)ermits  the  insertion  of  stop-gates 
nnd  the  examination  and  repair  of  any  one  section  while 
th(^  other  sections  remain  full  of  water.  Also  when  of 
a  given  sectional  area  and  flowing  full,  and  delivering 
to  a  piinii)-\vell  or  directly  into  distribution-pipes  a  given 
volume  of  water,  it  transfers  more  of  the  pressure  due 
to  tlie  lu^ad  than  the  usual  form  of  construction  of  like 
s(»ctional  ar(*a,  and  thus  reduces  the  lift  of  the  pump  or 
increase's  the  head  u]K)n  the  distribution.  This  is  more 
especially  the  case  when  the  consumption  is  less  tlian  the 
maxiniuni. 

438.  l^roteetion  ft-om  Frost.— The  masonry  of  con- 
duits must  hi'  fully  ])rotected  from  frost,  or  its  cement 
mortar  will  be  s(Miously  disintegrated  by  the  freezing  and 
expansion  of  the  w^ater  filling  its  pores.  The  frost  coverings 
are  usually  eartlien  embankments,  of  height  above  the  top 
of  the  masonry  equal  to  the  greatest  depth  to  which  frost 
penetrates  in  the  given  locality.    The  level  breadth  of  the 
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top  of  the  embankment  should  i»qual  the  breadth  of  tho 
conduit,  and  the  side  siojies  be  not  lesB  than  1^  to  1. 

4;ty.   MaHMiiry  t«   be   Seli-suntaiuUig.— Wlieu  the 

L'tjiidiiit  Is  in  purt  or  wholly  above  ground  sui-iace,  ita  iiia- 
eonry  should  bo  self-sustaining  under  the  maximum  pres- 
Biire,  independent  of  any  sui)port  that  may  be  expected 
from  the  uinbaiiked  earth.  The  winds  of  winter  generally 
eh'ur  tlie  embankments  ven"  eflfi'Ctually  of  their  suow  eover- 
iugs,  and  leave  them  exposed  to  the  most  inteuse  action 
of  fr<t.;t. 

In  [wriods  of  most  excessive  cold  weather  the  entii-e  em- 
bankment may  bi;  frozen  into  a  solid  areli,  and  by  exjmu- 
sion  rise  appreciably  clear  of  tlie  masomy,  and  possibly 
exert  some  adhesive  pull  upon  tlie  hances  of  the  arcli.  If 
the  conduit  is  then  under  full  pressure,  and  not  wholly 
independent  of  earth  support,  a  change  of  form,  and  rup- 
ture of  the  arch  may  result. 

Each  quadrant  of  the  covering  arch,  above  its  springing 
line,  exerts  a  Ixirizontal  tlirust  at  the  si)ririging  line  as  indi- 
cat^^d  in  Pig.  I'd  by  the  sliort^'r  ari-ow,  and  the  water  pri?s- 
Bure  exerts  an  additional  lioriaontal  tluTist,  as  indicated  by 

»the  lower  an-ow  in  Pig.  92.  Wlien  the  conduit  is  just  even 
ftill.  tlie  point  of  mean  intensity  of  this  latter  [jressuiv  is  at 
one-tliird  the  heiglit  from  the  bottom  of  the  conduit. 
The  amouut  of  horizontal  pressure  upon  ea«h  side  in 
each  tinit  of  lengtli  is  equal  to  the  vertical  projection  of  the 
submerged  portion  of  tliat  side,  per  unit  of  length  into 
the  vertical  depth  from  free  water  surface,  of  the  centre  of 
gravity  of  the  snbmeipxl  surface,  into  the  weight  of  one 
cubic  foot  of  water;  the  depths  being  in  feet,  and  weight 
and  pressure  in  pounds. 
_  The  product  of  weight  of  backing  masonry  at  any  given 
^b  depth  below  the  crown  of  the  arch  into  its  coefficient  of 
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Fig.  93. 


friction,  should  bc'  greater  thau  the  sum  of  thmsls  at  tint 
depth,  and  for  a  safe  niai^n  to  insore  frictioual  stabilitT 
should  Ix*  equal  to  double  the  sum  of  thrusts. 

The  backing  masonry  is  liable  to  receive  some  pull  from 

the  enibaukment,  if  one 
side  of  the  embankment 
settles  or  slidt^  but  if  the 
foundatious  of  the  sides  of 
the  embankments  are  rea- 
sonably firm,  the  eartli  at 
the  sides  of  the  backings 
may  be  assumed  capable 
of  neutralizing  the  thrusts 
due  to  the  weight  of  coirer- 
ing  earth  upon  the  haiice:} 
of  the  arch. 
440.  A  Coiiort*te  Conduit. — ^Tlio  use  of  hvdranli( 
concn'tt\  or  iefo/i,  is  at  pn^sent  being  more  generally  intn>- 
Juood  into  American  hydraulic  constructions,  in  tliosi* 
liX^alities  where  gtKKl  quarried  stones  are  not  readily  and 
clu*ai>ly  accessible,  than  has  lxH»n  jracticed  in  years  past. 

Fig.  O'S  is  iutroduc<*d  lit* n»  as  a  matter  of  es|.>ecial  interest, 
siinrr  it  illu>;raies  the  form  of  a  conduit  constnictfKl  entir»*lv 
of  In^ion,  in  tlie  now  \'anne  water  supjUy  for  the  city  of 
Paris.      This  conduit  is  two  meter-^  '6.36  feet)  in  diameter. 

ThK^bitOfi  atjifhiuitrrt  of  this  conduit  is  a  verj'  superior 
quality  of  hydmulio  cinion^te,  which  has  resulted  from  the 
t»x  liniments  and  n»s*»:in*ln*s  of  M.  Francois  Coignet,  of  Paris. 
(nMi,  Q.  A.  Gillmon*  has  described*  in  Professional 
PaiH^rs,  Cori>s  of  Enginet»rs,  U.  S.  Army,  No.  19,  the  mate- 
riaK  comiK^sitions,  manipulations,  and  properties  of  this 
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etiju  in  a.  masterly  manner,  and  haa  given  several  jilutcs 
justratiiig  some  ol'  tlie  niagnificeut  monolithic  aqui  dints 
voncret*',  spanning  valleys  and  quicksiLud»,  in  the  gi-eitt 
brt'st  of  Fontainebleau,  ou  tlie  lijie  of  tlif  \'aiine  conduit, 
■etween  La  Vanue  itiver  and  the  city  of  Paris. 

441.  Kxiuiipiv  of  Cotidiiit  luider  l^t'^l^■J■  Pi-csHiirc. 
—The  details  of  the  Penstock,  leading  water  from  the  canal 
above  i-pferivd  to  <g  382),  to  the  Manchester,  N,  H.,  turbini's 
luid  pnmjw,  are  shown  in  Fig.  94. 

Tills  penstock  is  six  hnndn?d  fet^t  long,  and  six  feet  clear 
internal  diamet<>r.  Its  axis  at  the  upper  end  is  under 
twelve  fi-et  head  of  wat^r.  and  at  the  lower  end  under  thirty- 
eight  feet  head  of  water.  It  was  conBtrucfed,  in  place,  in  a 
trench  averaging  tliii-t^'i'u  feet  deep.  The  staves,  whicli  are 
of  soatliem  pitch-pine,  4  inches  tiiick,  wei-e  machine-dressed 
to  radial  lines,  and  laid  so  that  eatili  stave  breaks  joint  at  its 
end  at  a  distance  from  the  ends  of  the  adjoining  staves,  aft^T 
tilt!  usual  manner  of  laying  long  tioors,  Tlie  end-joints 
where  each  two  staves  abut  are  closed  by  a  plate  of  Hat 
iron,  one  inch  wide,  let  into  saw-kerfs  cut  in  tlie  ends  of  the 
staves  at  right  angles  to  radins.  Thus  a  continuous  cylin- 
der is  formed,  except  at  tlie  two  points  where  changes  of 
grade  occur.  Tlie  hoops  are  of  2.J  x  ^-incli  rolled  iron,  each 
made  in  two  sections  with  clamping  bolts,  and  they  are 
placed  at  average  distances  of  eighteen  inches  between 
;  centres. 

Its  capacity  of  delivery  is  sixty-five  million  gallons  in 
twenty-four  hours,  with  velocity  of  flow  not  exceeding  four 
feet  per  second.*  It  was  completed  in  tlie  spring  of  1874, 
and  has  since  been  in  successful  use,  requiring  no  repairs. 
It  lies  in  a  ground  naturally  moist,  and  sufflciently  satti- 

*  This  penstock  U  more  fully  deaeribed  in  a  paper  read  iKfore  the  Ameri- 
n  Society  of  Civil  Engineers  in  Janiury,  1877.      Fidt  Trus.,  March,  1877. 


of  the  liyd/raidic  mean,  depth,  r  = 


-,  and  a 
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btted  to  fully  protect  the  wood-work  fi-oiii  thi?  atmospheric 
ses. 

The  city  of  Torouto,  Canada,  haa  just  coinjileted  a  con- 
nit  of  wood,  which  coiu'eys  wattr  iindi'^r  presfiire  from  the 
Altering  gallery  on  an  island  in  I^ke  Ontario,  ojiposite  to 
the  city,  about  7,(XX)  feet,  to  tlie  pumpiiig-station  on  tlie 
main  land.  Tiie  internal  diameter  of  this  conduit  ia  4  feet. 
443.  M(>aii  Itadii  of  CondtiitH.— In  the  formula  of 
flow  for  open  canals  (g;i3:j),  the  influence  of  the  air  pe- 
rimeter is  taken  into  consideration  in  establishing  the  value 
sectional  area,  S 
contour,  C 

Pactional  portion  of  the  air  jwrimeter,  equal  to  its  propor- 
tional resistance,  is  added  to  the  solid  wet  perimeter. 

It  is  more  especially  necessarj'  that  tlie  n-sistanee  of  the 
air  perimeter  be  recognized  in  conduits  partially  full.  As 
the  depth  of  water  increases  above  half-depth,  the  influence 
of  the  confined  air  section  is,  apparently,  inverwily  as  the 
mean  hydraulic  radius  of  the  stream. 
■       If  we  compute,  for  circular  conduits,  values  of  r,  as  equal 

Rl Bection 

^^  wet  solid  pCTTTiwter' 
fourth  depth,  r  =  .14734^7 ;  at  one-lialf  depth,  r  =  ,25rf ;  at 
three-fourths  deptli,r  =  .30133rf;  and  at  full  depth,  /  =  Md. 
This  series  gives  a  maximum  value  of  r  at  about  eight-tenths 
lepth  and  a  decrease  in  its  value  from  thence  to  full. 

The  relative  discharging  powers,  in  volume,  of  a  circular 
rconduit,  with  different  depths  of  water,  are  as  the  product 

I  «  "V/ --,  when  8  is  the  sectional  area  of  the  stream  ;  r,  the 

mean  hydraolic  radius  ;  and  m,  a  coefficient. 

If  for  a  given  series  of  depths,  in  the  same  conduit,  we 
ICompute  its  series  of  volumes  cf  discharge,  neglecting  the 


— ,  we  have  at  o  depth,  r=Qd;  at  one- 
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influence  of  the  air  perimeter,  we  arrive  at  tlie  paradoxical 
result  tliat  when  the  depth  is  eighty-eight  hundredths  of 
full  the  volume  flowhig  is  t^n  per  cent,  great^er  than  when 
tlie  conduit  is  full.  This  theoretical  remilt  has  misled  sev- 
eral  li>'draulicians  who  have  written  uj>on  the  subject. 

Witli  a  true  value  of  r,  the  discharge  has  some  ratio  of 
increase  so  long  as  secticmal  area  of  column  of  water  in  a 
circular  conduit  increases;  but  the  maximum  capacity  of 
diBcharge  of  a  condmt,  not  under  pressui-e,  is  very  neiarlf 
reached  when  it  is  Beven-eighths  full.  (See  How  in  Croton 
Conduit,  p.  Hi.) 

TA  B  L  E     No.    90. 
Hydraulic  Mean  Radii  for  Circular  Conduits.  Part  Fuu. 

{.Expressed  in  ded mat  parts  of  Ihi  diamtler.) 


443.  Velocities  of  Flow  in  Conduits.— The  tabl»< 

of  dimensions  and  (Coefficients  of  Lined  Channels,  on  p8g9 
37a,  gives  varied  data  lelating  to  masonry  contouTS  h«ro- 
tofore  constructed.  Following  the  table  is  a  classilicatioB 
of  the  roughness  of  such  channel  linings,  and  a  series  of 
exponential  formulas  applicable  to  such  surfaces,  and 
varied  cross-sections  in  open  channels. 

Tlie  formidas  for  velocity  of  flow  in  rough  pipes,  ofl 
X)age  2t)7,  and  classified  coeffirients,  on  page  'iT'J,  are  also 
applicable  to  the  respective  classes  in  rfitighness  of  con- 
tours of  conduits  for  f  idl  depths.  Wlieu  hydraulic  nuliua, 
r,  is  taken  instead  of  diameter,  d^  in  fe«t,  then  the  vslua 
of  c  for  r  equals  c  for  .25(2. 
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"nie  masonry 
follows: 


linings  of  conduits  may  be  classified  as 


B.  Smooth  Cement. 

1).  Planed  Wood,  length  with  current. 

E.   Very  smooth  Brickwork. 

(t.  Smooth  Concrete. 

H.  Smooth  Brickwork. 

H.   Unphmed  Wood,  laid  across  the  current. 

I.     Smooth  Ashlar. 

I.    Ordinary  Brickwork. 

J.    Rough  Brickwork. 

K.  Smooth  Rubble  in  mortar. 

Formulas  for  velocity,  ^>,  with  varying  coefficients  are 

as  follows: 

/  2^         

V  =  y  —  X   ^  ri  =  c  Vri. 

A  table  of  values  of  c  classified  for  roughness  may  be  found 
in  Chapter  XIII,  on  page  26JV/,  which  will  apply  for  con- 
duits one-fourth  to  three-fourths  full. 

The  following  valuable  tables  relate  to  the  Croton  and 
Sudbury  Conduit j,  and  are  based  on  the  tests  by  Messrs. 
Fteley  and  Fitzgerald. 


TABLE     No.     0Oa. 
Velocitiks  in  the  Sudbury  Conduit. 

Total  width,  9.0ft.;  total  depth,  7.667  ft.;  depth  below  spring  of  arch,  3,167ft. 


Depth  in  feet 

Volume,  cu.  ft.  per  sec 

Maximum  velocity  in  feet 

Mean  velocity  in  feet 

Center  surface  velocity 

Ratio  of  mean  to  maximum  veloc. 
Ralio  of  mean  to  surface  velocity . 


I 
4.539 

4.007 

3.002 

! 
2.026 

1.508 

II  1.470 

94.720 

62.430 

33.408 

20.158 

3.370 

3.317 

3.061 

2.470 

2.140 

2.973; 

2.896 

2.620 

2.180 

1.897 

3,0501 

3.000 

2.870 

2.420 

2.150 

88.2^   1 

87.3;!^ 

85.6!? 

88.3% 

88.6fl^ 

97.55^  ! 

!                        i 

96.55^ 

90.i5f 

90.  K 

88.2:1? 

AAA 

Jl-XX 
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TABLE    No.    90b. 
Coefficients  of  Flow  for  the  Croton  New  Aqueduct. 

The  depths  given  are  above  the  center  of  the  invert.     Greatest  width, 
13.6  feet,  and  greatest  height,  13.53  feet.     Slope  .00013257. 


Depth. 

r. 

c. 

p. 

f. 

I.O 

0.6582 

102.70 

0-9593 

7.713 

I.I 

.7434 

110.49 

1 .  0969 

".135 

•  • 

1.0 

119.25 

• . .  • 

•  •  •  ■ 

1.6 

I.  1464 

121.98 

1.4998 

23.022 

.  • 

125 

123.50 

•  •  •  ■ 

.... 

1.9 

1-3544 

124.90 

1.6736 

31.916 

•  • 

1-5 

126.30 

•  •  • 

.... 

2.4 

1.6788 

127.79 

1.9064 

48.32* 

•  • 

1-75 

128.30 

• .  •  • 

• . .  • 

2.7 

1.8562 

128.99 

2.0234 

59.044 

•  • 

2.0 

129.80 

• .  ■  • 

• . . . 

3-2 

2.1303 

13047 

2.1926 

78.  i« 

•  • 

2.25 

131.00 

•  • .  • 

.... 

3-7 

2.3763 

131-52 

2.3343 

98-463 

•  ■ 

2.5 

131.90 

•  •  •  • 

.... 

4.4 

2.6852 

132.57 

2.5012 

128.69 

•  • 

2.75 

132.70 

• 
■  •  •  • 

.... 

4.9 

2.8850 

1 33- 06 

2.6022 

151.34 

•  * 

30 

'33-25 

•  •  •  • 

•  •  •  • 

5.6. 

3- 1345 

133-58 

2.7230 

184.10 

.  • 

3.25 

133-75 

•  •  •  • 

•  •  •  • 

6.4 

3  3^(>3 

134.00 

2.8392 

222.76 

•  • 

3.5 

134.10 

•  •  •  • 

•  a  •  . 

7-5 

3.6796 

134.30 

2.9662 

277.01 

*   • 

3.75 

134.35 

•  •  •  • 

.... 

.  8-4 

3.»743 

134.39 

3.0457 

321.08 

•   • 

•   40 

134.43 

.... 

.  •  •  . 

10.4 

4. 1260 

4V^/.7 
4. 121 1 

134-50 

3-1456 

409. 88 

II. 0 

134.51 
134-50 

3-1519 

43I.5* 

II. 6 

3.1438 

449-43 

12.0 

4.0847 

134-50 

3.1299 

458.81 

12.3 

4.0407 

134-49 

3-1127 

463-86 

12.6 

3.98X0 

134-46 

3.0917 

467.65 

12.842 

3.9161 

134-41 

3.0625 

467.99 

444.  Table  of  Conduit  Data.— The  followirtj;  tabk 
givfs  (lata  it*s]>ecting  well  known  conduits  of  niasonry. 


^^L                  coNDurra 

J 

( 

1    H 
1    1 

^^ 

^^^^^^^H 

'^i^'i^mi^f:- 


k'^^i;^^m 


CONDUIT    DATA. 


Ztual  ol  tubel  11, 


itlluliJt 


TABLE     No      9 
Conduit  Data. 


i 

% 

II 

» 

3 

S' 

^«/ 

..7 

::3 

If. 

l-r 

F 

!■;"• 

Prom  data  of  flnw*^  in  tlie  Sudbury  Conduit  of  tlie  Boston 
wjiter  works  (Fig.  83,  p.  431)  the  foilowiug  table  of  values  of 
m  for  a  series  of  r  has  been  computed,  in  which  _ 
m—i2(/r>)-i-v"  =  2f/-i-C'.  and  <'=  Vig-r-m. 


TABLE     No. 


O.J       o-«  1   B.l   1   o.o       o.;       = 

Sf.sl  ■<M-7l 

^,-:^i-^!;r:^!;i-s??rt:' 

"  r^siJrTS^r^r^.s]  -^'f  i  -^i 

m^ 

oojjli  .00347  .oojt*    («J»  .«^J«  .001 

*!!  r%  T^'o  rf^'Tf ^T^l  '"^ 

These  coetficienta  for  the  given  values  of  r  may  i>e  used 

/3</       —  ,— 

in  the  formulas  for  velocity,  t>=\/  -^x\'ri,  and  r=C(  ri. 

Resident  engineer  Fteley  found  v  =  127  r'"/*  to  repre- 
sent well  the  results  of  experiments  up  to  the  value  1.6 
for  r.  He  found  also  that  a  liquid  cement  wash  on  the 
interior  of  the  brick  conduit  increased  the  flow  about  two 
per  cent.,  while  in  the  unlined  rock  tmmel  of  similar  section 
the  How  decreased  about  forty  per  cent. 

The  low  values  of  in  are,  an  indication  that  the  short 
section  of  conduit  in  which  the  experiments  were  conducted 
was  pa'f/  nmooth. 
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446.  Static  Pressures  in  Pipes. — Passing  from  th? 
consideration  of  masonry  conduits  to  that  of  pipes  with 
tough  metal  shells,  the  pressure  strains  and  the  cai)ahilitiP8 
of  resistance  of  the  pipe  metals  to  these  strains,  first  de- 
mands our  attention. 

The  theoretical  relations  of  thickness  to  pressure  are  ?o 

simple  that  we  may  easily  adapt  any  tough  metal  pipe  to 

withstand  any  practical  static  iiead  pressure,  however  great 

By  the  term  static  press  lire,  we  indicate  the  full  pressure 

due  to  the  head  of  water,  while  standing  at  rest. 

The  unit  of  pressure  area  is  commonly  taken  as  one 

square  iiicli,  and  tliis  is  the  area  used 
iK^rt^n  for  tiie  unit. 

Tlie  pressure  p  upon  the  unit  of 
area  a^  of  a  conduit  or  water-pipe,  is 
<*qual  to  the  ])i()dnct  of  tlie  given  aiva 
into  the  vertical  I'.eight  7i  of  the  surface 
of  wat(M-  ah()V(^  the  centre  of  gravity  of 
the  given  area,  into  tlie  weight  ir  of 
one  cubic  foot  of  water  (=  62.5  lbs.) 
divided  bv  144. 


Fig.  95. 


^  =  ^^_^  =  .434A. 


(1) 


Let  ahcef,  Pig.  95,  be  the  internal  circumference  of  a 


-^=T1  V^^gg^ 


V 


3_ 


; -1    d^-T^.^"^a;^- 


k 
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latLT-pipe,  of  diatnetfr  d^  in  inches  ;  then  tlie  total  preeaure 
'  of  water  upon  the  circumference  is 

P  =  3.1416d  X  A34A.  (2) 

The  maximum  pressure  acts  upon  each  point  of  the  cir- 
Icumference  radially  outward,  tending  to  tear  the  shell 
y  asunder. 

The  resultant  of  the  maximum  pressui-e  ujKm  any  given 
portion  of  the  cirrumference  ab,  acta  in  a  radial  direction 
oj;  through  tlie  centre  of  gravity  of  the  suifaco  ab,  and  Is 
i>qual  to  the  product  of  pressure  into  the  projection  or  trace 
of  the  surface  y ,  at  right-angles  to  radius, 

=  JCareayO  x  p\. 

Also  the  resultant  of  tlie  maximum  pressure  upon  the 
Bemi-circumference  cbq/'  is  equal  to  the  product  of  pressure 
into  its  trace  r/^,  at  right-angles  to  the  radial  line  cutting  ita 
centre  of  gravity, 

=  }  (area  gJc)  x  p\ . 

The  trace  of  the  semi-circumference  is  also  equal  to  tiie 
diameter  d,  and  its  resultant  equals  the  jtroduct  dp. 

Opposed  to  the  resultant  ox  is  an  equal  resultant  of  the 
pressure  upoD  the  semi-circumference/fc. 

These  two  resultants  exert  their  maximum'  tensile  strain 
upon  the  pipe-shell  at  the  points  c  and/. 

446.  Thu'kiieKs  of  Shell  reHistiiig;  Static  PreHMure. 
— Let  8  be  the  cohesive  strength  or  ultimate  tenacity  per 
sq.  in.  of  the  metal  of  the  shell,  and  £  be  the  tluckness  cr,  and 
_^,  in  inches  of  the  shell,  then  we  have  for  equation  of  resist- 
ance of  shell  that  will  Just  balance  the  steady  static  pressure, 

2£8=dp.  (3)  , 

from  which  we  deduce  the  lequired  thickness  of  sh^  : 
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in  which  r  equals  radius  in  inches,  =  ^* 

It  is  not  enough  that  the  shell  be  able  to  just  sustain  the 
steady  static  pressure,  since  this  pressure  may  be  increased 
by  "  ioafer-raw5,"  incident  to  ordinary  or  extraordinaij 
use  of  tlie  pipe,  or  the  metal  may  have  unseen  weaknesses, 
or  deteriorate  by  use. 

The  tliickness  t  should  therefore  be  multiplied  by  a 
coefficient,  for  safety,  equal  to  4, 6,  8,  or  10  ;  or  the  pressoro 
be  assumed  to  be  increased  4,  6,  8,  or  10  times,  or  the 
tenacity  of  the  metal  be  taken  at  .1,  .2,  .3,  or  .4  of  its  test 
value ;  in  which  case  the  equation  of  t  may  take  the  form, 

U  Fin  the  factor  of  safety,  then 

t  =  ^H'  X  F     and      F=^.  (6) 

This  factor  will  vary  with  the  conditions  of  use  and 
materials,  as  in  water  j)ij)es,  inclosed  stand-pipes,  vented 
|)enstocks,  or  boilers,  and  must  include  weaknesses  due  to 
niaiinfacture,  as  in  liveted  joint;S,  etc.  Vide  rivets.  Chap. 
XXV. 

The  pivssuiv  due  to  a  given  head  If  of  water  is  greater 
witliin  a  i^ijH'  when  the  water  is  at  rest,  than  when  the  cur- 
rent is  flowing  through  the  pipe  at  a  steady  rate,  for  when 
the  current  is  moving,  a  i)ortion  of  the  force  of  gravity  is 
crmsumed  in  i>rfHlucing  that  motion,  and  in  balancing  fric- 
tions. 

When  a  y)ii>e  has  a  stop-valve  at  its  outflow,  or  in  its 
line,  the  pressui-e  p,  used  in  its  fommla  of  thickness  t^  for 
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'  point  above  the  valve,  should  be  the  statir  pressure  of 
iiitei-  at  it'St. 

44T.  Waler-rain.— If  any  valve  in  a  line  or  syst^'ni  iif 
ftter-pipfa  can  be  suddenly  closed  while  the  water  is  flow. 

f  frefily  under  pressure,  such  sudden  closing  of  tlie  vitlve 
III  produee  a  strain  upon  the  pijH'S  far  greater  tlian  tliat 

?  to  llie  static  head  of  water,  and  in  addition  tliereto. 

For  illustration,  let  the  diameter,  rfj  =  1  ft.,  length,  1  = 
!8il  ft.,  and  velocity  of  flow,  r  =  .'i  ft.  per  second.    Then 

i  accumulated  energj',  M.  in  the  column  of  water,  due  to 
I  weight,  Wi  (=  62,5  Iba.i,  and  velocity,  is 

\'W=  tT.Stl  s-J  lbs,,  and  the  equivalent  heji4  Jt  =  .3S82  foot. 
1  tlie  equivalent  of  ji  foiew  7-'  acting  one  second  at  a 

kit'-  t-qiiiil  to  one-hiilf  r.  lit-nce  .V^  7*'  x  'n,  and  F=  ^  ", 

U 
To  iheck  the  pntjectile  et 
time,  u   resiwtiinre,  Jf,  nin 

nv 

The  energy  ^f  Mud  force  K  tne  above  expressed  in  foot- 
pounds. If  the  column  is  checked  liy  a  closing  valve  or  a 
jiresNing  resistance,  its  energy  will  be  changed  into  press- 
UTf.  /J,  j)er  unit  of  area,  and,  to  compute  it  in  inch  pounds, 

'  '      .7H.-,4r/'xl+4  ^      ' 

The  eqiiivulent  sratir  lifuil  ==/*-=-  .+33. 
Accumulations  of  air  in  the  pijie  summits  will   hel])  to 
cushion  the  force  of  ram  ^nd  modify  the  strain  behind  them. 

No  system  of  distribution-jnpes  should  be  fitted  with 
stop-valves  of  mpid  action,  lest  the  pipes  be  constantly 
in  danger  of  destruction  by  "'inater-rams" 

tkmieys  made  allowance,  in  the  old  water-pipes  of  Paris, 
for  water-rams,  of  force  equal  to  static  heads  of  500  feet, 


jl/"=(.7854rf,-  X  w,  X  ^1 


Ji-i-(=  F^i^ 


--  100614.45  ft.  lbs. 


■uliinin  ill  any  given 
-d   equal   to  /;  and 
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but  be  used  on  his  smaller  mains  plug- valves  that  inigijt  bf 
very  rapidly  closed. 

Witli  proijer  stop  and  hydrant  valves,  it  is  not  probable 
that  the  momentum  strain  will  exceed  tliat  due  to  a  su-adv 
Bta,tic  head  of  200  or  225  feet,  but  it  is  liable  to  be  gnat  iu 
pipes  under  low  static  beads  as  well  as  in  pijK-s  under  grmt 
heads,  and  it  is  in  either  case  in  addition  to  the  static  IhswL 
Tbe  momentum  strain  must  be  fully  allowed  for,  wlietlier 
the  head  be  ten  feet  or  tliive  liundred  feet. 

448.  ForniiilaM  of  Tluckiies)«  for  Diu>tUc  Pip^H.— 
Ordinarily,  for  ductile  pipes,  such  as  lead,  brass,  weldi-d 
iron,  etfi,,  an  allowance  of  from  200  to  3<X)  fet't  head  is  niadc 
for  tbe  momentum  strain,  and  the  tenacity  of  the  material 
is  taken  at  .25  or  .3  of  its  ultimatt^  resistance  S,  in  which 
case  the  fonuula  for  thickness  of  ductile  pi^^es,  subject  to 
water-ram,  may  take  the  form, 

/  -_  (A  +  230  ft.)  riB  _  {k  +  230)<^«)  _  (A  +  230)dzg 

'"    (.25:50  X  144     ~  {.5  8)  X  144  ~         72  Sj        '        ^ 

in  which  h  is  the  bead  (»f  water,  in  feet 

M  "   "    weight  of  one  cubic  foot  of  water,  inlbL. 
r  "    "    radius  of  the  pipe,  in  inches. 
d  "   "    diameter  of  the  piite,  in  inches. 
t  "   "    thickness  of  tbe  pipe-shell,  in  inebes. 
8  "    "    tenacity  of  tlie  metal,  per  square  inch. 

If  we  substitute  a  t<?rm  of  pressure  per  square  inch.jt' 

(=  .434A),  for  — — -  in  the  equation  for  thickness  of  dm-tilt 

pipes,  it  becomes 

/  —  (.P  j^lOO  pounds)  r  __  (p  +  100)  d 
.25  S-  -       ~:5S        • 

If  the  pipes  have  merely  a  steady  static  pressure  to  snfr 
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1,  then  the  tena  +  100  may  bf  omitltHl,  ami  the  equation, 
1  factor  of  safety  equal  tu  4,  takes  the  siuiple  t'oiin. 


pr 


t  with  factor  of  saiety  equal  to  £ 


t^ 


pr      _     pa 
.166676'"  ::^33aS' 


(9J 


(10) 


449.  Streii^b»  of  Wrought  Pipe  Metals.— The  fol- 
lowing values  of  8  give  the  tenacities  of  tlie  respective  ma- 
terials named,  in  pounda  per  square  inrh  of  section  qf 
metal,  when  the  metal  is  of  good  quality  for  pipes : 


TABLE     No.     92. 
Tenacities  of  WROufiHT  Ptpe  Metals. 


\ 


Fntfli. 

Cotr, 

COK-. 
.ISS. 

Co.c. 

Co.r. 

S.  I  ■  lii 

6t6.6, 

.ji'. 

^'      A 

.i^7  1      4.600 

tJOO 

i^S 

t^V"'-^:::::.. 

:^ 

J5.000 

CAST-IRON      PIPES. 

450.  Moulding  of  Pipfw, —  The  Bucceesfnl  founding 
of  good  cast-iron  pipes  n-quires  no  inconsiderable  amount 
fi  skill,  such  as  is  acquired  only  by  long  practical  experl 
•e,  and  keen,  watchful  observation. 
The  loam  and  sand  of  the  moulds  and  ron's  must  bf^ 
refiilly  Belecled  for  llie  bejit  ijliaracteristica  of  grain,  and 
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l>roportioned,  eombinpd,  and  moistened,  so  that  the 
ture  sliaJl  be  of  tlie  right  consistency  to  fonn  smooth  and 
BubsUiutiaJ  moulds  and  coi-es,  and  be  at  the  same  time 
ficieutlj  poTOus  to  jteiTuit  the  five  exit  of  luoislurp  and 
Bteaiii  during  the  pro(H'88  of  drying.  The  moulds  mnst 
filled  and  i-aiumed  witli  a  care  that  insures  their  stabilitf 
during  tile  iuflow  of  tlie  molten  metal,  and  must  be  dried' 
BO  there  will  be  no  further  generation  of  steam  during  the' 
inflow  ;  and  yet  not  be  overdried  so  as  to  destroy  the  a<t 
hesion  among  their  jKirticles,  lest  the  grains  of  sand  be 
detached  and  scattered  through  the  casting.  The  core  ropr 
ing  of  straw  must  be  judiciously  proportioned  in  thicknefli 
for  the  respectivfi  diameters  of  their  finished  cores,  and  mnflt 
be  twisted  to  a  firmness  -that  will  resist  the  pressure  of  the 
molten  metal,  so  that  the  pijie  will  be  free  from  swells  and 
the  proper  and  uniform  thickness  of  metal  will  be  sedrnd. 
The  mixture  of  the  metala  and  fuel  in  the  cupola  mwt 
be  guided  by  that  experience  by  winch  is  acquired  a  fore- 
knowledge of  the  dej^r^..  '  tenacity,  elasticity,  and  geaenl 
clmracteriatics  of  tlie  finisiir^  :^astings.  A  superior  class  of 
pipe  is  produced  only  whei,  excellent  materials  are  used, 
and  when  superior  workmanship  and  mechanical  appli- 
ances give  to  tliem  accuracy  of  form  and  excellence  nf 
texture. 

451.  CaHtiiig  of  Pipes.— A  certain  thicknesB  of  shell, 
of  twelre-foot  pipes,  cast  vertically,  is  ivquired  for  each 
diameter  of  pipe,  to  insure  a  perfect  tilling  of  the  mould 
before  the  metal  chills,  or  cools,  and  also  to  enable  tlm 
pipes  to  be  safely- handled.  tranRpf)rted,  laid,  and  tapped. 

In  the  smaller  pijws  this  thickness  is  greater  than  that 
ordinarily  i-equired  to  sustain  the  static  pressure  of  tlw 
water. 

The  necessary  additional  thickness,  beyond    tliat  re- 
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quirL'd  to  resist  the  water  presaun;,  detireaeea  as  tlie  diam- 
eter of  the  pipe  increasee. 

Them  must,  therefore,  be  affixed  to  the  formula  of  thick- 
ness of  cast-iron  pipes,  a  tei-m  expressing  the  additional 
thickness  required  to  be  given  to  the  pipes  beyond  tliat  iv- 
quiri'd  to  resist  the  pressure  of  the  water,  and  this  term 
must  decrease  in  value  as  the  diameter  increases  in  value. 

4J)?.  Formulas  of  Tliiekness  of  Cast-iron  Pi)K*H. 
— The  ultimate  tenacity  of  gooil  iron-pipe  castings  ranges 
from  lOjOCX)  to  2D,01K)  jronnds  per  square  inch  of  section  of 
metal.  Tlieir  value  of  S,  tlie  symbol  of  teusile  strength 
per  square  inch,  is  usually  taken  at  18,000  pounds,  and  the 
coefficient  of  safety  equal  ti.;  10.  or  the  term  of  tensile  n-sist- 
ance  is  taken  equal  to  .IS,  or  if  an  independent  terra  i? 
introduced  in  the  formula  for  the  effect  of  water-ram,  the 
coefficiunt  of  S  may  be  increased  to,  say  .2. 

Assuming  tliat  the  probable  or  possible  water-ram  will 
not  j)roduce  an  additional  effect  gi-eater  tlian  tliat  due  to  a 
static  pressure  of  100  pounds  prr  square  incli,  or  head  of 
230  feet,  then  the  formula  for  tliickness  of  cast-iron  pipes 
may  take  tlie  form, 

,  _  {h  +  230)/-w  ^   ooo  ^         ^  \       ^h  +  230y»;  ^ 

tin  which  A  is  the  head  of  water,  in  feet. 

w     "     weight  of  one  cubic  foot  of  water,  in  lbs. 
T     "     internal  radius  of  the  pipe,  in  laches, 
d     "     internal  diameter  of  the  pipe,  in  inches. 
t     "     thickness  of  the  pipe  shell,  in  inches. 
S     "     tenacity  of  the  metal,  in  pounds  per  sq  in 
If  we  substitute  a  term  of  pressure  per  square  inch, 
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p  (=  .434A)  for  jjzj  in  the  above  equations  for  thicknen 

of  cast-iron  pipes,  they  become, 

._(p  +  100)r  (         d\_{p±100)d 

.333  (l  -  3^.  (12) 

453.  Thicknesses  found  Graphically. — Since  with  a 
constant  head,  pressure,  or  assumed  static  strain,  the  in- 
crease of  tensile  strain  upon  the  shell  is  proportional  with 
the  increase  of  diameter,  and  also  since  the  decn^aso  of 
additional  thickness  is  proportional  with  the  increase  oi 
diameter,  it  is  evident  that  if  we  compute  the  tliickness  of  a 
series  of  pipes,  say  from  4-inch  to  48-inch  diameters,  for  a 
given  pressure,  by  a  theoretically  correct  formula,  and  tlieu 
plot  to  scale  the  results,  with  diameters  as  abscissas  and 
thicknesses  as  ordinates,  the  extremes  of  all  the  ordinate^ 
will  lie  in  one  straight  line  ;  and  also,  that  if  the  thickness;  s 
for  the  minimum  and  maximum  diameters  of  the  sc»ri«s  be 
computed  and  jJotted  as  ordinates,  in  the  same  manner, 
and  their  extremiti(^s  be  connected  by  a  straight  line,  the 
intermediate  ordinates,  or  thicknesses  for  given  diamc^ters 
as  abscissas,  will  be  given  to  scale.  Tliis  method  grtatly 
facilitat(*s  the  calculation  of  thicknesses  of  a  series  of 
"  classes"  of  pipes,  and  if  the  ordinates  are  plotted  to  large 
scale,  gives  a  close  approximation  to  accuracy. 

.454.  Table  of  Thicknesses  of  Cast-iron  Pii>es.— 
Tli(»  following  table  gives  thicknesses  of  good,  tough,  and 
elastic  cast-iron,  with  *S'=  18,000  lbs.,  for  three  classes  of 
cast-iron  pipes,  covering  the  ordinary  range  of  static  pres- 
sures of  public  water  supplies,  in  which 

f=     -  -^^g        +.333(1 -j^. 

t  =  .()(H)()6()3(7^  +  23())rf  -f  .883  -  .0()333d. 
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TABLE     No.    93. 

Thicknesses  of  Cast-iron  Pipes. 

(When  S  =  x8ooo  lbs.) 


CLASS   A. 

CLASS    B. 

ci'Ass  a 

DlAMXTBR. 

Pressure,  «>  Ih 

square  inch.  0 

Head,  tx6  f< 

1 

Thickness! 

«.  per 
r  less. 

Pressure,  xoo  lbs.  per 

square  inch. 

Head,  330  feet 

Thicknesses. 

i 

Pressure,  130  Ibd.  per 

square  inch. 

Head,  300  feet. 

es. 

Thicknesses. 

Inches, 

3 

1 

1         Inches. 
.3858 

Ah 
/rox, 

in. 

H 

1 

Inches. 
i          .4066 

Ah 

/rox. 

in. 

Inches 
.4191 

Ah 
prox, 

in. 

4 

•4033 

^ 

'          -4311 

■rV 

•4477 

m 
11 

6 

.4383 

T^f 

.4800 

i 

•5050 

4 

8 

•473*4 

i 

.5289 

45 

.5622 

T% 

lO 

.5083 

i 

•5777 

41 

.6194 

i 

12 

•5433 

A 

.6266 

« 

.6766 

44 

14 

•5783 

iJ 

•6755 

« 

.7338 

i 

i6 

.6166 

i 

.7277 

i 

•7944 

H 

i8 

.6483 

14 

•7733 

M 

.8483 

14 

20 

.6833 

\i 

.8222 

H 

•9055 

H 

22 

.7183 

fi. 

.8711 

i 

.9628 

H 

24 

•7533 

i 

.9200 

42 

1.0200 

I 

27 

.8058 

i* 

•9933 

I 

1. 1058 

lA 

30 

.8583 

1 

1.0666 

ItV 

1.1916 

lA 

33 

.9108 

If 

1. 1400 

I A 

1.2775 

lA 

36 

.9633 

ii 

1-2133 

I3V 

1.3633 

li 

40 

"^'^ZZZ 

lA 

1.3111 

I1^ 

1.4778 

'H 

44 

I- 1033 

il 

<     1.4088 

i4i 

1.5921 

iH 

48 

I-I733 

lA 

1.5066 

x4 

1.7066 

i« 

In  the  following  table  are  given  the  thicknesses  of  cast 
iron  pipes,  as  used  by  various  water  departments. 


MAINS   AND    DlB-l'ElBUTIQN    PIPES. 


TABLE     No.    G3a. 
Thicknesses  of  Cast-iron  Pipes,  as  Used  in   Several  Cities. 


Head  Preaeures  for 


1  Pip«m  iirs  ClasBed,  ii 
loo'  130!  150      80  I  162  ' 


..|,..|..-.„. 


1 

i        'i      ft 

knesses  of  Pipe  Sh«l 

1    i  1  1  |...... 

u    t  i+:  r  ,', 
ft  ........  1    1 

ft    i  1  1  i  1    1 

!     :     1  1  ft  ;  1  ■■• 

!     i   1  ft     11! 
;      J     J     } 

,'.<-l....  1    1 

1      Ii      !    1   1       ill 

■     :     ■ 

■     ..'....'..■! 

1! 
I'i- 

1  11  •■■■;  1   !  ■■■ 

1      i      !   1  ft  .   !    ft 

1     ,   i     •■ 

1      i      lit       i     !1 

\i* ii 

1 

1 
1 

1 

■  i  1 

....  i 

; 

; 

',, 

....1 

'i' ■•.  '• 

"ft 

ti+ ....  1,','  I 

■!  ■! 

ii'+ 

■;r:: 

■■■•'  ■ 

I.... 

1    ....l  I, 

■1 

','{\"i' 

....|.... 

.... 

.. 

1. ' 

455.  Table  of  Equivalent  Fractional  ExpreHflloiDi. 

-The  following  tables  of  eqaivalent  expreaedone  for  fractions 
if  an  inch  and  of  a  foot,  may  ^cilitato  pipe  calcalationB : 
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TABLE     No.    04. 

Parts  of  an  Inch  and  a  Foot,   expressed  Decimally. 


Equivalent 

Dec.  part  of 

an  uch. 


1-32 
1-16 

3-32 

1-8 

5-32 
3-16 
7-32 

1-4 
9-32 

5-16 

11-32 

3-S 
13-32 

7-16 
15-32 

1-2 
17-32 

9-16 
19-32 

5-8 
21-32 
11-16 
23-32 

3-4 
25-32 
13-16 
27-32 

7-8 
29-32 
15-16 

31-32 
I 


.03125 
.06250 

.09375 
.12500 

. 15625 

.18750 

.21875 

.25000 

.28125 

.31250 

.34375 
.37500 

.40625 

.43750 

.46875 
.50000 

.53125 
. 56250 

. 59375 
.62500 
.65625 
.68750 

.71875 
.75000 

.78125 

.81250 

.84375 
.87500 

.90625 

.93750 
.96875 


I. 


Equivalent 

Dec.  part  of 

afoot 


.002604 
.005208 
.007812 
.010416 
.010420 
.015625 
.018229 
.020833 
.023437 
.026041 
.028645 
.031250 

.033854 
.036458 

.039062 

.041666 

.044270 

.046875 

.049479 
.052083 

.054607 

.057291 

.059895 

.062500 

.065104 

.067708 

.070312 

.072916 

.075520 

.078125 

.080729 

.083333 


Imchbs. 


Equivalent 

Dec.  part.1  of 

a  loot 


I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 


.0833 
.1667 
.2500 

.3333 
.4167 

.5000 

.5833 
.6667 

.7500 

.8333 
.9167 

I. 0000 


Deb.  parts 
!  of  a  toot 


.1 
.2 

.3 

.4 

.5 
.6 

.7 

.8 

.9 
i.o 


Bquiv.inclies 

and  33d  pts., 

nearly. 


456.  Cast-iron  Pipe  Joints.— According  to  C  ivsy,* 
cast-iron  pipes  were  first  generally  adopted  in  London  very 
near  the  close  of  the  last  century.  The  great  fire  destroyed 
many  of  the  lead  mains  in  that  city.  These  were  in  part 
replaced  by  wood  pipes,  bnt  when  water-closets  were  intro- 
duced and  more  pressure  was  demanded,  the  renewals  were 
afterward  wholly  of  iron. 


*  Encyclopedia  of  Civil  Engineering,  p.  549.     London,  1865. 
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The  earliest  pijieB  bad  Hanged  joints  with  a  packing  ring 
of  leatlier,  and  were  bolted  together.  These  wert»  two  and 
one-hair  feet  in  lengtli.  Those  first  generally  us-d  bv  ilic 
New  River  Company  were  soinewliat  loDger,  and  were 
screwed  rigidly  tt>gether  at  the  joints.  TJiis  preveultM 
their  Tree  e.\])ansiou*  and  contraction,  with  varj-ing  tenlper- 
atuH'S  of  water  and  earth,  rendering  them  troubh-pomt-  in 
winter,  when  tliey  were  Ireqiiently  ruptured.  Cylindriral 
socket-joints  wen;  then  substituted.  These  were  accurately 
Inmed  in  a  lathe,  to  a  slightly  conical  form.  and.  being 
luted  with  a  little  whiting  and  tallow,  wen*  driven  togetln-r, 

The  length  of  the  pipes  was  pubseqiiently  iiK-reased  to 
nine  feej,  and  a  hub  and  spigot-joint  formed,  adapted  fiist 
to  a  joint  packing  of  deal  wedgea.  and  afl^Tward  to  a  jinck- 
ing  of  lead. 

Tlie  hub  and  spigot-joint,  with  various  slight  modifica- 
tions, lias  been  generally  adopted  in  the  British  and  con- 
tinental pipe  systems,  for  both  water  and  gaa  pipes ;  bnt 
the  turned  joint  has  by  no  means  been  entirely  snpersedpd 
in  Euroju-an  jiractice. 

A  variety  of  tlie  forms  given  to  the  turned  joint  are  illns- 
trah'd  and  connnented  upon  in  a  pajH-rt  i-ecently  read  by 
Mr,  Dowiiie  in  Edinburgh.  The  illustrations  include  tunx^ 
joints  used  iu  Glasgow,  Launceston,  Dundin.',  Flyde,  LJviT- 
pool,  Trieste,  Sydney,  Hnbart  Town,  and  Hamilton  (Canada) 
water-work,s,  and  in  the  Buenos  Ayn'S  gas-works,  Tlieae 
joints  were  also  nsed  b\'  Mr.  Geoi^e  H.  Norman,  the  well- 
known  American  contractor  for  water  and  gas  works,  in 
gas  works  constrnctt-d  by  him  in  Cubji, 

*  M.  Otrard  found  t)iDt  tlic  Uiii'Bl  fX|>Bnsloii  nf  caat-irnn  pipes,  wlieii  (M 
ftnd  in  lh«  n{H'n  air  viib  .<  00OS6  nf  an  inch  for  cacli  lulOitluQal  degree  oT  TA    . 
rmbeil,     Kankiiie  givps  .O00;i78;J  incli  \iet  fool  per  dtigreo. 

»  Pr•^rl^edi^gn  Inst.  E.  S..  v.il   vii.  ]..  18. 
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The  turned  .joint  has  not  aa  jt't  bft'ii  ailoptt-d  in  the 

■  systems  in  the  Uiiitwl  States;  but  in  the  new  watcr- 

k  of  Ottawa,  Canada,  completed  in  1875  under  the  dii-ec 

on  or  TI108.  C.  Keefer,  C'.E.,  they  were  very  geherally  used. 

Till'  depths  of  hub  and  of  li'ad  ])a«king  in  tlie  early  Eng- 

bh  and  Scotch  pi[>es,  and  in  fact  in  tlie  first  pijx's  used  in 

Tonnccticm  with  the  Fairmount,  Cniton,  and  Washington 

aqiiedurts,  exceeded  greatly  tlie  depths  at  present  used. 

The  pine-log  water-pii)es  of  Philatlelpliia  had  been  gen- 
erally replaced  by  east-iron  pip-s  us  early  as  about  1819. 
The  forms  of  hubs  and  spigot?*  then  used,  as  designed  by 
Mr.  GratTe,  Sr.,  were  very  similar  to  tliose  now  used,  ex- 
eepl  that  the  hubs  had  somewhat  greater  depth.  The 
len^rths  of  the  pipes  were  nine  feet,  and  other  dimensions  as 
in  the  following  table,  ft-om  data  in  the  "Jounial  of  the 
Franklin  Institute"  : 

Dinmeterof  pipe,  in  inches.  I     3     |     4     [6     IS     [    10    I    12    I     t6    |    so 

Thickness  of  shell t      I    A        A    '     i  t         i",  S  f 

Depihofhub |    3S         4     I    4I     1     5     I     5     I    5i    1     ^     I     o 

It  is  observed  that  the  set,  by  which  the  lead  is  com- 
pjicted  in  the  joint,  acta  upon  the  lead,  ordinarily  only  to  a 
depth  of  from  one  to  one  and  one-quarter  incites.  The  lead 
beyond  the  action  of  the  st^t  is  of  but  little  practical  value, 
and  there  is  no  advantage  in  giving  the  hemp  packing  an 
excessive  depth. 

Deep  joints  run  solid  with  lead  often  give  to  the  line  of 
pipes  such  ngidity  that  it  cannot  accommodate  its<'lf  to  the 
nnevennes:^  of  its  bearings  and  weight  of  backfilling,  espe- 
cially In  ledge  cuttings,  and  rupture  ifsnlts. 

When  trenches  are  too  wet  to  admit  of  pouring  the  lead 
successfully,  small,  soft  lead  pii)e  may  be  pressed  into  tlie 
-joint  and  faithfully  set  up  with  good  effect. 

Dimensions  of  Pipe-joints.— Pig.  06   is  a  re- 
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duced  sectiuii  of  a  bell  and  spigot  ^f  a  13-inch  diameter 
pipe.  Bimensions  of  cast-iron  pipe  socket-jointe  for  diam- 
eters from  4-iiich  to  48-iiich,  correspoDding  to  the  lettere  in 
the  sketch,  are  given  in  the  following  table  (No.  95),  aiid 
like  data  are  given  for  flange-joints  in  the  next  succeeding 
table,  No.  96. 

Till'  weight  of  flanged  pipes,  per  lineal  foot,  exclusive  of 
weight  of  flanges,  wliicli  is  given  in  Table  No.  96,  may  be 
computed  by  the  following  formnla  (p?de  %  461)  : 

Vi  =  ^.%\l{d^-f)t.  (13,1 

458.  Tt'inpU'ts  for  Bolt  Holes. — A  sheet-metal  tem- 
plet for  marking  centres  of  bolt  holes  on  flanges  should  be 
laid  out  and  piicked  witli  the  nicest  accuracy,  and  have  its 
fare  side  and  one  space  conspicuously  marked. 

On  .si>frial  castings  iiitenchHl  for  fixed  ]>4isition.s  the 
templet  should  lie  i)ljifed  Upon  the  fl;inge  so  that  the  cen- 
tre of  llie  imirked  sjKice  shall  be  jdaced  exactly  over  tlie 
ceiiln'  i.f  ihe  Ixtre  of  the  \\\^  when  the  \i\\y^  shall  l>e 
jihiced  in  iiositicm :  ilifu  the  Ixilt  holes  of  abutting  flaugen 
win  iinili'h  with  uniformity. 
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TABLE    No.    gS. 
DiHSHStoNS  OF  Cast-iron  Water-pipbs.    (F^.  96.) 
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Flange  Data  of  Flanged  Cast-iron  Pipes.* 
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H  an  even  number  of  bolts  are  used,  then  there  will  be 
a  space  vertically  over  uiid  umler  the  centre  ot  the  bore 
of  the  pij*. 

If  the  templet  is  not  very  exactly  spiced  the  face  side 
should  be  placed  againHt  one  Hange  with  the  iiiarke<l 
HjKice  at  top,  and  tlie  back  against  the  otlier  abutting 
Hange  with  same  space  at  top ;  otherwise  the  bolt  holes 
may  not  exactly  match. 

459.  Flexible  Pipe-.Tolut.— It  h  sometimes  ne&'ssary 
to  take  a  main  or  sub-main  across  a  broad,  deep  stivam  or 


eatnaiy,  or  arm  of  a  lake,  where  it  is  both  difficult  and 
expensive  to  coffer  a  piiM-  course  so  as  to  make  the  usual 
form   of  rigid  joint.     Different  forms  of  ball  and  soekul 


r 
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flexible  joints  have  be«>n  sdopb^  for  sacli  caaeA,  which 
allow  tl)«  pipes  to  be  joined  and  tlie  jointe  completed  ahrm 
the  water  sur&oe,  and  tlte  pipe  then  to  be  lowen^  inlo 
its  bed. 

Fig,  97  illastrates  tbe  fonn  of  joint  designed  by  ih^ 
writer  for  a  twenty-four  incli  piiR-,  whifh  is  especially 
fidapted  to  largi_--size  pipe-joints.  It  is  a  modtiication  crftiie 
(llaagow  "universal  joint." 

The  difficulty  of  making  the  back  part  of  the  lead-pack- 
ing of  the  jiiint  firm  and  solid,  which  difficulty  has  hpp'^ 
tofore  interfered  with  tlie  complete  snccesB  of  the  lar^-r 
flexible  pipes,  is  here  overcome  by  separating  the  bell  into 
two  parts,  so  as  to  permit  both  the  fniiit  and  rear  parts  of 
the  packing  to  be  driven. 

In  putting  togetlier  this  jniiit,  the  loose  ring  is  pasa-d 
over  the  ball-spigot  and  sliiJjK'd  some  distance  toward  the 


centre  of  the  pi^ie ;  tlie  ball-socket  is  then  entered  into  tbe 
solid  part  of  the  bell  and  its  h'ad  joint  packing  jwured  and 
snugly  driven  ;  the  loose  ring  i^then  bolted  in  position,  and 
its  lead  joint  packing  is  poured  and  firmly  driven,  al«a 
This  secures  a  solid  packing  at  both  front  and  rear  of  the 
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Jit,  capable  of  witlistanding  tiie  strain  tliat  comes  upon  it 
I  tlie  pij>e  id  lowered  into  position,  and  ensures  a  tight 
Tlie  baU-spigot  is  turned  smooth  in  a  lathe  to  true 
pherical  form. 

Fig.  98  illustrates  J.  B.  Ward's  patent  flexible  joint. 
460.  TliickiiONK  Fonuiihis  C<mii>iifed.— The  result* 
Iven  by  sonie  of  the  well-known  formulas  for  thicknes^s 
fifst-iTon  pilK's,  may  be  rompan-d  in  Table  No.  97, 
4GI.  Formulas  fiir  WcightH  of  rimt-iron  Pipes. — 
!he  mean  weight  of  cast-iron  is  about  450  pounds  per  cubic 
ot,  or  .2604  pounds  ])er  cubic  inch. 
Let  d  be  the  dianiet^T  of  a  cast-iron  j-tipe,  in  inches; 
t,  the  thickness  of  the  pipe-shell,  in  inches  ;  and  «■  the  ratio 
of  circumference  to  diameter  (=  3.1416) ;  then  the  cubical 
Tolume  T,,  in  inches,  c)r  a  pipe-shell  (neglecting  the  weight 
of  hiib),  is,  for  each  foot  in  length, 


V,  =  {r/  +  0  X  ^  X  ff  X  12. 


(14) 


WTien  the  length  of  a  pijje  is  mentioned,  it  is  commonly 
the  length  between  the  bottom  of  the  hub  and  the  end  of 
the  spigot  that  is  referred  t^j ;  that  is,  the  net  length  of  the 
pipe  laid,  or  which  it  will  lay. 

The  avercigt  weight  of  a  pipe  per  foot  includes  the 
weight  of  the  hub,  which,  as  thus  spoken  of.  is  assumed  to 
be  distributed  along  the  pipe. 

The  weights  of  the  hubs,  of  general  form  shown  in 
Pig.  96,  and  wliose  dimensions  are  given  in  Table  No.  96 
(p.  461),  increase  the  average  weight  per  foot  of  the  twelvt>. 
foot  light  pipes,  approximately,  eight  per  cent;  of  the 
medium  pipes,  seven  and  one-half  per  cent. ;  and  of  heavier 
pipes,  seven  per  cent. 

The  equation  for  cubical  volume  of  pipe-metal,  indud 
rlltg  hub,  is 


M^wy  hub. 
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TA  B  I   E    No.    97. 
Formulas  por  Thicuyess  of  Cast-iron  Pipes  OfMPARia 


75  ■».  per  square  incfeu    AsmiaeJ  tmriljr  «** 
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In  which    /  =  thickness  of  pipe  wall,  in  inches. 

d  =  interior  diameter  of  pipe,  in  inches* 

A  s  head  of  water,  in  feet 

w  =  weight  of  a  cubic  foot  of  water,  =  62.5  lbs. 

m  =s  number  of  atmospheres  of  pressure,  at  33  feet 

/  m  pressure  of  water,  in  pounds  fter  square  inch. 

^m  nltiiDate  tenacity  of  cast4roii,  in  pounds  per  tqoast 
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V  =  {d  +  e)  X  lost  X  7T  X  12.  (16) 

Let  Wi  be  the  weight  per  cubic  inch  of  the  metal 
(=  .2604  lbs.),  and  w  the  average  weight  per  foot  of  the  pipe, 
then  we  liave  for  equation  of  average  weight  per  foot,  of 
twelve-foot  pipes, 

W  =  'i2{d  -^  t)  X  l.rnt  X  rrw,.  (16) 

To  compute  the  average  weight  per  lineal  foot  of  an 

18-inch  diameter  pipe,  twelve  feet  long,  and  j^  inch  thick  in 

the  shell,  assign  the  numerical  value  to  the  symbols,  and 
the  equation  is : 

w  =  12^18  -h  .66625)  x  (1.08  x  .66626)  x  3.1416  x  .2604 
=  129.80  pounds. 

In  the  equation,  12,  ^,  and  Wi  are  constants,  and  may  be 

united,  and  their  product  ( =  9.81687)  supply  their  place  in 

the  equation,  when  the  equation  for  average  weight  per 

foot  is, 

w  =  9.S2{d  ■\-f)x  1.08^.  (17) 

and  for  the  total  weigJd  of  a  12-foot  pipe : 

W  =  117.84  (rf  -ht)x  imt.  (18) 

462.  Table  of  Weights  of  Cast-iron  Pipes.— The 
following  table  gives  minimum  weights  of  three  classes  of 
caist-iron  pipes,  of  good,  tough,  and  elastic  cast-iron  (with 
S  =  18,000  lbs.),  for  heads  up  to  300  ft. ;  also,  approximate 
weights  of  lead  required  per  joint  for  the  respective  diam- 
eters, from  4  to  48  inches,  inclusive. 
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T  A  B  L  E     No.     98 


Minimum  Weights  or  Cast-iron  Pipes. 
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Wkight  of  Water  and  Gas  Pipes  of   Cast-iron. 

So-called   Manufacturers*  Standards. 

Watkr  Piphs.    (For  too  lbs.  per  sq.  in.  Pressure.) 
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46:1.  Iiiterchaugfeable  .Ji>iiitH.--\Vhen  several  clasaee 
of  pipes,  varying  in  weight  for  similar  diameters,  entf  r  into 
the  same  system  of  distribution,  as,  for  bistance,  in  an  un- 
dulating towii,  with  considerable  differences  in  levels,  there 
is  an  advantage  in  making  tlie  exterior  diametei-s  the  con- 
stantti,  instead  of  the  interioi-s,  for  then  tlie  spigots  and  bells 
of  both  plain  and  special  eastings,  and  of  valves  and 
hydrants,  have  uniformity,  and  are  intercliangeable,  as  o<-ca- 
aion  n-qniivs.  and  the  different  clasBes  join  each  other  with- 
out special  fittings. 


*   Tlie  OtlnWiL  pipe  weights  cliuuv.l  bh  of  4  and   14  inch  dlamt^iv 
0  kdA  15  inuL  Jiami'ttre  ivtipecuvHv. 
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If  it  is  objectionable  to  increase  and  decrease  the  inteiioi 
diameters  of  the  light  aqd  heavy  classes,  then  the  object 
Cia y  be  attained  by  increasing  the  thickness  of  the  ends  of 
die  light  and  medium  classes,  so  far  as  they  enter  the  hubs. 

4^i.  CharaeteriHticH  of  Pipe-Metaln.— The  metal 
of  pipes  should  be  tough  and  elastic,  and  have  great 
tenacity.  In  proportion  as  these  qualities  are  lacking,  bulk 
of  metal,  increased  in  a  geometrical  ratio,  most  be  sab* 
stituted  to  produce  their  equivalents.  In  our  formula  giT«i 
above  i  ^  452)  for  tliickness  of  cast-iron,  it  will  be  re- 
membered that  we  were  obliged  to  add  a  term  of  thickm^ 

J . 33:^(1  —  --\  '  t4>  enable  the  pipes  to  be  safely  handled 

If  the  metal  is  given  great  decrees  of  toughness  and  elas- 
ticity, we  may  omit,  for  the  larger  pipes,  this  last  member 
of  the  formula  ;  but  now  we  add  to  each  twelve-foot  piece 
of  pijx*,  of  2<)-inch  diameter,  five  or  six  hondred  pounds; 
SC-inoh  diameter,  six  or  eight  hundred  pounds,  etc.,  that 
would  not  be  nnjuired  with  a  superior  metal. 

It  is  exi>ensive  to  freight  this  extra  metal  a  hundred  or 
ni«»re  miles,  and  then  to  haul  it  to  the  trenches  and  swing  it 
into  place,  and  at  the  same  time  to  submit  to  the  breakage 
of  friMH  liiDH*  to  live  pT  c»'nt-  of  the  castings  because  of  the 
brittleutv-^s  of  the  inferior  metal. 

li  is  \\A\  known  that  the  same  qualities  of  iron  stone,  and 
of  fui  1,  may  ]>nxluiv  from  the  same  furnace  very  different 
i|uali:it*>  of  pig^,  and  it  is  the  smelter  s  business  to  know, 
anvl  \w  iTtMionilly  clt>^  know,  whether  he  has  so  proportioned 
his  materials  and  ixnitn  lleii  his  blast,  as  to  produce  pigs 
that  when  n*m»lT»Ni  will  tlow  fively  into  the  mould,  take 
sharplv  its  ft^rni.  anil  be^^ome  tough  and  elastic  castings. 
The  foundor^  will  suj^ply  a  rvfined  and  homogeneous  iron, 
if  such  quality  is  dearly  specified,  and  it  is  well  worthy  of 
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considfiatinii  in  the  majoritj'  of  cases  whethtr  sucli  iron 
will  not  Iw  in  fact  tlie  most  economical,  at  its  lair  additional 
.'ost.  if  I'xlni  weight,  extra  freight  and  haulage,  and  iMia 
breakage,  are  duly  considered. 

Kx|)ert  inspectors  cannot  with  confidence  pi-onounce 
I  the  quality  of  tbt  cast  metal  from  an  examination 
I  its  exterior  appearance,  nor  infallibly  from  the  ajtpeai- 
e  of  its  fracture.  Wilkie  says*  of  the  fracture  of  good 
1  castiron,  that  it  shows  a  dark  gray  color  Mith  high 
Bfallic  lustre ;  the  crystals  mv  large,  many  of  tliem  shining 
ke  particles  of  freshly-cut  lead ;  and  that  however  thin 
Hie  metal  may  be  cast,  it  n-tains  its  dark  gray  color.  It 
fontains  from  tliree  to  five  per  cent,  of  carbon,  lliis  is 
the  most  fusible  pig  iron  and  most  fluid  when  melted,  and 
su})erior  castings  may  be  produced  from  it 

No.  3  has  smaller  and  closer  cri'Stals,  which  diminish  in 
sizi^"  and  brightness  from  the  centre  of  the  casting  to^\ar<i 
the  edge.  Its  color  is  a  lighter  gray  than  No.  1,  with  ]i'h.s 
Instre.  No,  2  is  intermediate  in  appearance  and  quality 
between  Nos.  1  and  a. 

The  ^'bright,"  "mottled,"  and  ^'■white"  irons  have  still 
lighter  colored  fractures,  with  a  white  "list"  at  the  edges, 
are  less  fnsible,  and  are  more  crude,  hard,  and  brittle. 

The  mottled  and  white  irons  are  sometimes  produced  by 
the  furnace  working  badly,  or  I'esult  from  nsing  a  minimum 
of  fuel  with  the  ore  and  flnx. 

The  crj-atala  of  the  coarser  kinds  of  cast>-ironB  were  found 

by  Dr.  Schott,  in  liis  microscopical  examinations  of  frac- 

tnrep,  to  be  nearly  cubical,  and  to  become  flatter  as  the 

-proportion  of  carbon  decreased  and  the  grain  became  more 

iifonn. 
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In  wrought  iron,  the  double  pyramidal  fonn  of  the  afi. 

cryatal  is  almost  lost,  and  baa  become  flattetied  duwn  Ui 

parallel  leaves,  forming  wliat  is  tenutnl  the  fibi-e  of  the  inn 

In  steel  the  crystals  have  become  quite   j^arallel  aod 

fibrous. 

-t(>5.  TestHof  Pipe  Metals.— Tlie  touglmesa  and  iJi* 
ticity  of  pipe  mefal  may  be  tested  by  taking  sample 
of,  say,  24-inch  diameter,  1-incb  width,  and  |-inch  thickiim^ 
hanging  theiu  uik)Ii  a  blunt  knife-«Hlge,  and  then  suspendinf 
weights  fi-om  them,  at  a  point  opposite  to  tlieir  support, 
noting  their  detleutiona  down  to  tlie  breaking  jKiint ;  als-i.  bj 
letting  similar  rings  fall  from  knowTi  heights  upon  solid  an- 
vils. The  iron  may  also  be  submitt^'d  to  wliat  is  tormed  thv 
"beam  test,"  generally  adopted  to  measuiv  the  tmnsreraf- 
strengtli  and  elasticity  of  eastings  for  bniiding  jiurpotJes. 
In  such  case  the  standard  Imr,  Fig.  yo,  is  2  ft.  •!  in.  ionir, 
1  in.  deep,  and  '2  In.  bnutd,  and 
^'°-  *"-  is  placed  on  bearings  H  ft.  ajuut, 

and  is  loaded  in  tbe  middle  till 
broken. 

Ii-oii  tliat  Ims  been  first  skill- 
fully made  into  ]>igs,  from  gad 
oi'e  and  witli  good  fuel,  and  liaa 
tlien  been  remelted,  should  sustain  in  the  above  described 
heiiiTi  test,  from  l,son  to  l',:;iio  i-oiuuIh,  and  submit  ton 
dfHection  of  from  A  to  iV  im^h. 

The  tenacity  of  the  ii-on  is  usually  measured  by  submit* 
ting  it  to  direct  tensile  strain  in  n  testing  machine,  fitted  fnr 
the  purpose.  Its  tenacity  should  reach  an  ultimate  limit 
of  23.(KX1  pounds  per  si^nare  inch  of  breaking  section,  white 
still  n-maininp  lough  and  elastic.  Ilanl  and  brittle  iniiia 
may  show  a  mucli  greater  tenacity,  though  uaakiug  ludt 
valuable  pipes. 
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4Gfi.    The    Pi-e«ervatioii    nt'  PiiH'    Siu-faceR.— The 

nocoated  irou  mains  tirst  laid  down  in  Loudon,  by  tbu  Ni>w 
Hirer  Company,  were  supposed  to  imjui'rt  a  rlialybeate 
quality  to  the  water,  and  a  watiU  of  lime-wat*?r  was  applied 
tto  tbe  interiors  of  the  pipes  before  laying  to  remedy  this  evil. 
Before  in>n  pipes  had  been  long  in  iiae,  in  the  early  part 
f  the  present  century,  in  those  European  towns  and  cities 
pplied  with  soft  water,  it  was  discovt'n>d  that  tubei-culous 
(cretions  liad  formed  so  freely  ujion  their  interioi-s  as  to 
rionsly  diminish  the  volume  of  flow  tlirough  the  pijx's  of 
,  four,  and  sis-inch  diamct^'i's. 
Tills  difficulty,  which  was  so  serious  as  to  necessitate  the 
lying  of  larger  distribution  pipes  than  would  otherwise 
pve  been  necessary,  engagi'd  the  attention  of  British  and 
bntinental  engini'ers  and  chemists  from  time  to  time.    Many 
>erimental  coatings  were  apjdied,  of  silicates  and  oxides. 
iid  the  pipes  were  subjected  Ui  batlis  of  iiot  oil   under 
presaui-e,  with  the  hope  of  fully  remedying  the  difficnlt}. 
A  committee  of  the  British  Association  also  inquiivd  into 
tbe  matter  in  connection  with  the  subject  of  the  preservation 
of  iron  ships,  and  instituted  valuable  experiments,  which 
are  described  in  two  reports  of  Robert  Mallet  to  tbe  Asso- 
ciation. 

A  similar  difficulty  was  experienced  with  the  uncoated 
iron  pii>es  first  laid  in  Philadelphia  and  New  York. 

In  the  re})ort  of  the  city  engineer  of  Boston,  January. 
1852.  mention  is  made  of  some  pipes  taken  np  at  the  South 
Boston  drawbridge,  which  had  been  exposed  to  the  flow 
of  Cochituate  wa,ter  nine  years. 

He  remarks  that  "some  of  the  pipes  were  covered  inter- 
nally with  tubereles  which  measured  about  two  inches  in 
an-a  on  their  suifacea,  by  about  three-quarters  of  an  inch 
in  height,  while  others  had  scarcely  a  lump  raised  in  them. 
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Those  which  were  covered  with  the  tabercles  were  conodei 
to  a  depth  of  about  one-sist«enth  of  an  inch  ;  tie  iron  I 
that  depth  cutting  with  the  knife  very  much  like  ]»luiiibagw. 
Mr.  Slade,  the  engineer,  expressed  the  opiuion,  after 
paring  the  condition  of  these  pipes  with  tJiat  of  pipes 
ined  in  1S52,  that  tiie  corrosion  is  very  enerpetic  at  fire^ 
but  tliat  it  gradually  decreases  in  energy  j-ear  by  year. 

The  pi-ocesa  used  by  Muns.  Le  Beuffe,  civil  engineerrf 
Vesonl,  France,  for  the  defence  of  pipes,  as  coimnuiucaled* 
by  him  to  Mr.  Kirkwood,  chief  engineer  of  the  Brookiv* 
Water-works,  **  consists  of  a  mixture  of  linset-d  oil  and 
beeswax,  a])plied  at  a  high  teuipemturc,  the  pipe  belnf 
heated  and  dip])ed  into  the  hot  mixture. 

The  varnish  of  M.  Crouziere.  tested  on  ii-on  immersed 
sea-water  at  Toulon,  by  the  French  navy,  consisted  of« 
mixture  of  sulphur,  rosin,  tar,  gutta-percha,  minum,  blanch 
de  cerusp,    and    turpentine.     ITiis    protected    a.   plate  of 
wrought  iron  perfectly  during  the  year  it  was  immersed. 

A  jjrocess  that  has  proved  very  successful  for  the  preea- 
vation  of  iron  pipes  used  to  convey  acidulated  waters  from 
German  mines,  is  as  follows:!  "The  pipes  to  be  coated 
are  tirst  exposed  for  three  hours  in  a  bath  of  diluted  sul 
phuric  or  hydrochloric  acid,  and  aftei-ward  brushed  witi 
water ;  they  then  receive  an  under-coating  composed  of 
34  parts  of  silica,  16  of  borax,  and  2  of  soda,  and  are  ex- 
posed for  ton  minutes  in  a  retort  to  a  didl  red  heat  A6et 
that  the  upper  coating,  consisting  of  a  mixture  of  34  parts 
of  feldspar,  19  of  silica.  24  of  borax,  16  of  oxide  of  tin,  4  of 
fluorspar,  9  of  soda,  and  3  of  saltiietre,  is  laid  over  Ihe  inta- 
rior  surface,  and  the  pipes  are  exposed  to  a  white  hcatfcx 
twenty  minutes  in  a  retort,  wlien  the  enamel  perfectly  nnitcB 

•  R((rDeHcriptivBMemoirofllieBrooklyn  Woter-works,  p.43.    N.  T,, 
i  Vide "  Bo^neviiug."    Loudou,  Jbu..  1^73,  p.  45. 
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1  tlie  casHron.     Before  the  pipes  are  quite  cooled  down, 
■  outside  ia  painted  with  coal-tar.     The  above  ingre- 
iieiits  of  the  upper  coating  art^  melted  to  a  mass  in  a  era- 
We,  and  afterwards  nitli  little  water  ground  to  a  fine 

Prof.  Barff,  M.A.,  proposes  to  presprve  iron  (including 
iron  water-pipes)  by  converting  its  suifaces  into  tlie  niag- 
iit'tic  or  black  oxide  of  iron,  which  undergoes  no  change 
"liatt'ver  in  tlie  presence  of  moisture  and  atraospherio 
oxygen. 

He  says,  "The  method  which  long  exjierience  has  taught 
us  13  the  best  for  carrying  out  this  process  for  the  protection 
of  iron  articles,  of  common  use,  is  to  raise  the  temptTature 
of  those  articli's,  in  ft  suitable  chamber,  say  to  500°  P.,  and 
(hen  pass  steam  from  a  suitable  generator  into  this  cham- 
l>er,  keeping  these  articles  for  five,  sis,  or  seven  hours,  as 
rlie  case  may  be,  at  that  temperature  in  an  atmosphere  of 
.superheated  Bteaiu. 

"  At  a  temperature  of  1200°  F,,  and  under  an  exposure 
to  superheated  steam  for  six  or  seven  hours,  the  iron  surface 
beoomes  so  changed  tliat  it  will  stand  the  action  of  water 
for  any  length  of  time,  even  if  that  water  be  impregnated 
witb  the  acid  fames  of  the  laboratory." 

The  first  coated  pipes  used  in  the  L'nited  States,  were 
imported  from  a  Glasgow  foundry  in  18(58.  These  were 
coated  by  Dr.  Angus  Smith's  patent  process,  which  had 
been  intniduced  in  England  about  eight  yeare  earlier. 
Dr.  Smith's  Coal  Pitch  Varnish  is  distilled  fi-ora  coal-tar 
nutU  the  naphtha  is  entirely  removed  and  the  material 
deodorized,  and  Dr.  Smith  recommends  the  addition  of  five 
or  six  per  cent,  of  linseed  oil. 

The  pitch  is  carefully  heated  in  a  tank  that  is  suitable 
to  receive  the  pipes  to  be  coated,  to  a  temperature  of  about 


470  MAINS    AND    DISTHIBI  TION-PIPES. 

SOU  degrees,  wIr-u  the  piju'S  lire  immt;i-sitl  in  it  auj  al!o«' 
to  reuiaiu  until  tliey  attain  n  lemiM'raiun'  <if  31XJ'  Fall 

A  iiioi-cj  satisfactory  ti-eatuu-nt  is  to  lieat  the  pipes  iii  j 
retort  or  ovea  to  a  tem])eiutare  of  about  yiu^  Fall.,  aiM* 
then  immerse  them  iii  the  hath  of  pitch,  which  is  maiutaiut'i 
at  a  temperature  of  not  less  tliaii  210°. 

When  linseed  oil  is  mixed  ttith  the  I^itt^h,  it  lias  at.'; 
dency  at  high  temperature  to  separate  and  Hojit  uixiii  n 
pitch.  Aa  oil  derived  liy  distjllation  from  co«l-Iar  is  moft 
frequeutly  substituted  for  the  linsifed  oil,  in  ]iracti<'<'. 

Tlie  pipes  sliould  b;>  free  from  rust  and  strictly  ckflQ 
when  tliey  are  immei-sed  in  the  pitch-bath, 

46T.  ViiriiiKheH  for  PipeH  and  Iroii-n-ork.— A  ^^ 
tar  raniiali,  for  covering  the  exterioi-s  of  pipoa  where  tin)" 
are  exposed,  as  in  punip  and  gate  houses,  and  for  exjMH'i 
iron  work  generally,  is  mentioned*  by  Ewing  Matht^'" 
and  is  composi-d  as  follows :  30  gallons  of  coal-tar  ft^■^i^ 
witli  all  its  naplitha  retained  ;  6  lbs.  tallow  ;  IJ  lbs.  rpsis: 
3  lbs.  laniijblack  ;  30  lbs.  fresh  slacked  lime,  finely  siflnl 
Tliose  ingredients  are  to  Iks  intimately  mixed  and  appl'i-J 
hot.  This  varnish  may  be  covei-ed  with  the  ordinary  lin- 
8eed-oil  paints  as  occasion  requires. 

A  black  varnish,  that  has  been  recommended  for  otil- 
door  iron  work,  is  compoeed  as  follows:  20  lbs.  tar-oil; 
C  lbs.  asphaltnm  ;  5  lbs.  i)owdered  roain.  These  are  to  Iw 
mi.xed  hot  in  an  iron  kettle,  with  care  to  prevent  ignition. 
The  varnish  may  be  applied  cold. 

408.  nydranlic  Proof  of  Pipes.— AVTien  Uie  catf- 
iron  pi]jes  have  n-ceived  their  pii'servative  eoatJng,  Hi'T 
should  bo  placed  in  an  liydranlic  proving-jii-ess,  and  h-sli'^l 
by  wat^T  pressure,  to  300  lbs.  per  sq.  in. ;  and  while  undi ' 

"  Worka  in  lro»,"  p,  331.     I>oiidoLi.  18T3. 
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^Be  prcsaurp  bo  smartly'  rang  with  a  liamiiK^r,  to  tfst  tlii^ra 
^Br  minor  deCccts  in  wiBtiug,  ami  for  unduf  int^Tiiiil  strniiiH, 
^^»Fig.  HH)  is  one  of  tlie  nioBt  sinipU-  fonns  of  liydmulic 
^^bviug-pivsaea.  Tiui  cast-ii-oii  litud  upon  the  lelt  i»  lixid 
i*  Btationary,  while  ttiwai-d  tin-  riglit  is  a  strong  htiid  that  is 
luovablL',  and  that  ailvances  and  retreats  by  the  action  t  f 


tlic  screw  working  in  tlie  nut  of  tlie  tixud  luiui  at  tlie  right. 
When  tlic  ])iiie  is  rolled  into  position  for  a  test,  suitable 
gaski'ts  are  i)laeed  ui)oii  its  nids,  or  agjiinst  tiip  two  heads, 
and  then  by  a  few  tunis  of  tlie  liand-wlieei  of  the  scirew,  the 
movable  bead  ia  set  up  so  as  to  jjress  the  iiijie  between  the 
two  lLc;ids,  Levers  arp  then  aj^plied  to  the;  screw,  and  the 
pressnn'  increased  till  then'  will  be  no  leakage  of  water  at 
the  ends  past  the  gaskets.  The  air-cock  at  the  right  is  then 
opened  to  iiermit  esi^ajie  of  the  air,  and  the  water-valve  at 
the  left  opened  to  till  the  pipe  witli  water.  The  Iiydmnlio 
pump  and  tlu'  wnfer-prfssniv  gauge,  which  are  attached  at 
the  h'ft.  an>  not  shown  in  the  engraving.  When  the  pipfe  ia 
flffRl  with  watei-,  and  the  valvps  closed,  tlie  requisite  pnr- 
snri'  is  then  applied  by  means  of  the  pump.  Tare  must  li>' 
taken  that  all  the  air  is  expelled,  before  pressure  is  applied, 
lest  in  case  of  a  split,  the  conipn-ssed  air  may  scatter  the 
pieces  of  iron  with  disastrous  results. 
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Fio.  101. 


SINGLB    BRANCH. 


Fio.   103. 


REDUCER. 


Fig.  10r». 


■409.  Special  Pii»e«.— Fig.  101  is  ;i  seotioii  through  a 
gle  Branch,  with  side  views  of  lugs  for  eecuriag  &  cap  oi 
^draut  branch. 

Fig.  102  is  a  section  through  a  Reducer. 
Fig.  103  is  a  flection  throagh  a  Bend. 
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Pig.  104  is  a  section  through  a  Sleeve,  the  upper  half 
being  the  form  for  covering  cut  ends  o£ pipes,  and  the  lowei 
half  tlie  form  for  uncut  spigot  ends. 

Fig.  105  is  a  part  section  and  plan  of  a  clamp  Sleeve. 


WROUGHT-IRON     PIPES 

470.  Cenient-Lineil  and  Coated  Pii>e8. — Sheet-iron 
water-pipes,  lined  and  coatiMi  witli  hydraulic  cement  mor- 
tar, by  a  process  invented  by  Jonathan  Ball,  were  laid  in 
Saratoga,  N.  Y.,  to  conduct  a  supply  of  water  for  domeatio 
purposes  to  some  of  the  citizens,  as  early  as  1845, 

The  inventor,  who  was  aware  of  the  ready  corrosion  of 
wrought-iron  when  exposed  to  a  How  of  water  and  to  tha 
dampness  and  acids  of  the  earth,  liad  observed  the  pre- 
servative influence  of  lime  and  cement  when  applied  to  iron, 
and  saw  that  with  its  aid,  the  high  tt-nsile  strength  of 
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wrought  or  rolled  iron,  could  be  utilized  in  water-pipes  to 
Bustiiiii  considerable  pressures  of  water,  and  the  weight  rf 
the  ii-oii  itHiuinnl,  thus  be  materially  reduced. 

Tlie  reduction  in  the  weight  of  the  iron  reduced  also  the 
total  coat  of  the  complete  pipe  in  the  trench. 

Tlie  favorable  (qualities  of  hydraulic  cement  as  a  conduc- 
tor of  ix)table  watere  had  long  been  well-known,  for  the 
RoiiKins  invariably  lined  their  aqueducts  and  conduits 
with  it. 

T\v(  nty-five  or  thirty  towns  and  villages,  and  a  namber 
of  corporate  water  (*orupanies  had  aln^ady  adopted  tlie 
wrought-iron  cement  lined  watcT  pip«»c^  in  their  systc*ms,  and 
still  oth(»rs  \v(Mv  experimenting  with  it  at  the  bn»akingout 
of  th(»  civil  war  in  1861. 

As  ont*  n»sult  of  the  war,  the  price  of  iron*  rose  to  more 
than  double  its  former  value,  and  the  difference  in  cost  be- 
tw(H»n  cast  and  wrouglit  iron  jnpes  became  conspicuous,  and 
tlu»  (Mist  of  all  i)ipes  ro^H^  to  so  gn»at  total  sums  that  the  pip«* 
of  least  lirst  cost  must  of  necessity  Ix*  adopt4Hi  in  most 
instances,  almost  rerrardh^ss  of  comparative*  merits.  So 
lonjr  as  iho  high  jnices  of  iron  and  of  labor  ivniained  firm, 
thcM'oiiiractors  for  the  wrou":ht-iron  wcmv  onabh^i  to  lav  it 
at  a  reduction  of  forty  jxt  cent,  from  tlio  cost  of  th(^  cast- 
iron  pipe. 

Increased  attention  to  sanitaiy  imi)rovementa  U^  many 
towns  to  (•omi)l(»te  their  water  supplies  even  at  tlie  high 
rates,  and  many  hundrcKl  mih^s  of  the  cement-lined  pi])e8 
came  into  use. 

-ITl.  3Iethods  of  Lining. — Its  manufactun*  is  simple. 
The  she(»t-ii';n  is  formed  and  closely  riveted  into  cylindore 

♦  >'<»w  York  and  Pliilndolphia  prices  current  record  the  nc*arly  regultf 
avora^M-  iiionThly  iiK-rcase  in  the  price  of  Anthracite  Pi^  Iron  No.  1,  from  1S| 
doHars   per  ton  of  2240  |N)iindH  in  August.  1K61,  to  78S  doUars  per  tnn  ia 

AugiiHt,  ls«4. 
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of  ssfvfii  or  eight  feet  iii  Irugtli,  and  of  diameh'r  from  one 
to  ii(u?  aud  one-half  inches  greaU-r  than  the  ck'aj-  bon-  of  the 
liriiiig  is  lo  bu  finished.  The  pipe  is  tlien  set  upright  and  a 
aliort  cylinder,  uf  diameter  equal  to  the  desired  bore  of  die 
pipo,  is  lowered  to  the  bottom  of  the  pipe.  Some  freslily 
mixisd  liydraulie  cement  mortar  is  then  thrown  into  t!ie  i»ipe 
(ind  tlie  cylinder,  wliich  lias  a  eoue-shajied  fmnt ;  and  guid- 
ing spnrs  to  maintuin  its  central  position  in  the  shell,  is 
drawn  up  tlirough  the  moitur,  A  uniform  lining  of  the 
mortar  is  thus  compressed  witliin  tlie  wronglit-iron  slielL 
The  ends  are  then  dressed  up  with  mortar  by  the  aid  of  a 
all  trowel  or  spatula,  and  the  pipes  carefully  placed  upon 
^ds  to  remain  until  tlie  cement  is  set. 

The  interiors  of  the  piiie-lininga  are  treated  to  a  wash  of 
quid  cement  while  they  are  etill  fresh,  so  as  to  fill  their  pores. 
In  another  process  of  lining,  a  sraoothly-tui-ned  cylin- 
'driral  mandril  of  iron,  equal  in  h'ngth  to  the  full  lengtli  of 
the  pii>p,  and  in  diameter  to  the  diameter  of  tlie  finislied 
bo?-e,  is  used  to  foi-m  the  bore,  and  to  eompn'ss  the  Iniing 
within  the  sliell.  A  fortnight  or  tliive  weeks  is  R-quired  for 
the  cement  to  set  so  as  safely  to  bear  transportation  or  liaul- 
|.age  to  the  tivnehes.  In  the  meantime  the  iron  is  or  should 
!  protected  from  storms  aud  moisture,  and  also  from  tlie 
Bri'ct  rays  of  the  sun,  whicli  unduly  ejqiands  the  iron,  and 
■ates  it  from  a  jmrtion  of  the  cement  lining. 
472.  < 'overt iiff.— When  these  pipes  are  laid  in  the 
rwnch,  a  Ix-d  of  cement  mortar  is  prepared  to  receive  tliem, 
kiid  they  an-  entirely  cont'd  with  about  one  inch  thickness 
f  cement  mortar,  as  is  shown  in  the  vertical  section  of  a 
"  flix-inch  pipe.  Pig.  106. 

Tlie  writer  has  used  upwards  of  one  hundred  miles  of 

f;ind  of  pijx's,  and  the  smaller  sizes  have  proved  uui- 
y  Biiccessful. 
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The  iron  is  relied  upon  wholly  to  sustain  the  preasnn* 
of  the  water  and  reaist  the  effects  of  water-rams.  The 
cemeot  is  depended  upon  to  preaerve  the  iron,  which  object 
it  has  accomplished  during  the  term  these  pipes  have  beeo 
in  use,  when  the  cement  was  good  and  workmanship  faitli- 
ftU,  which,  unfortunately  for  this  class  of  pipe,  has  not 
always  been  the  case,  and  the  reputation  of  the  pipe 
suffered  in  consequence. 


473.  Cement- Joint.— A  sheet  -iron  sleeve,  abont  eigfat 

inches  long,  as  shown  in  Fig.  107,  is  used  in  the  commoa 
form  of  joint  to  cover  the  abutting  ends  of  the  pipe  as  thef 
are  laid  in  the  trench. 

The  diameter  of  the  sleeve  is  about  one  inch  greater  than 
*-he  diameter  of  the  wrought-iron  pipe  shell,  and  the  annular 
spa^e  between  the  pipe  and  sleeve  ia  filled  with  cement,  Tha 
sleeve  and  pipe  are  then  eoven'd  with  cement  mortar. 

In  a  more  recently  patented  form  of  liii>e,  tlie  sliell  has  A 
taper  of  about  one  inch  in  a  seveii-foot  piece  of  pip".',  audi 
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e  small  end  of  one  piece  of  pipe  enters  alxiut  four  inches 
■into  the  lai^  end  of  the  adjoining  pipe,  thus  forming  a 
lap  without  a  special  sleeve.    The  thickness  of  lining  in 
these  pipes  varies,  but  the  bore  is  made  uniforui. 

474.  Cast  Hub-.Toiiit8.— The  writer  having  experienced 
Bome  difficulty  with  both  the  above  forms  of  cement -joints,  of 
the  larger  diameters,  and  desiring  to  substitute  lead  pack- 
ings for  the  cement,  in  a  20-inch  force  main,  to  be  subjected 
to  great  straiDS,  devised  the  form  of  joint  shown  in  Fig.  108. 


^ 


In  this  case  tlie  wroughl^iron  shells  were  riveted  up  as 
for  the  common  20-inch  pipe,  and  tlien  the  pipe  was  set 
upon  end  in  a  foundry  near  at  hand,  a  form  of  bell  moulded 
about  one  end,  and  molten  iron  poured  in,  completing  the 
bell  in  the  usual  form  of  cast-iron  bell.  A  Fjtigot  is  cast 
upon  the  opposite  end  in  a  similar  manner.  The  It  ad  jiack- 
ing  is  tlien  iwuretl  and  driven  up  with  a  set,  as  the  pipes 
are  laid,  as  is  usual  with  castriron  pipes.  The  joint  is  as 
Buccessful  in  every  respect  as  ai'e  tht;  lead-joints  of  castriron 
pipes. 

tfhe  force-main  in  qneation  has  been  in  nse  upwards  of 
«  years,  and  water  was,  during  several  months  of  its 
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earliest  nsp,  pumped  through  it  into  the  distribution  pipi* 
on  the  direct  pumping  system. 

For  lead  joints  on  wrought-iron  pipes  from  ten  to  sixteen 
inches  diameter  inclusive,  about  four  inclies  width  of  tbe 
tKlgo  of  tlie  spigot  end  slieet  may  be  rolled  thicker,  so  as  to 
1>ear  the  strain  of  caulking  the  lead,  as  a  substitute  for  the 
cast  spigot. 

■475.  ConipoMlt'O  Braiichef*.  —  The  wronght-ipon 
branches  were  originally  joined  to  their  mains  by  the  appH- 
catioii  of  solder,  the  iron  being  first  tinned  near  and  at  the 
junction.  After  the  successful  jKinring  of  the  bells,  ttie 
exiKTiuieiit  was  tried  of  uniting  the  parts  by  ponring  molten 
metal  into  a  mould,  formed  about  them,  the  metal  bemg 


cast  partly  outside  and  partly  inside  the  pipes,  as  in  tl»" 
fjise  of  tlie  hub-joint,  Tlie  part^  were  rigidly  and  very  sub- 
stantially united  by  the  process,  which  is  in  practical  effort 
equal  to  a  weld. 

Pig.  109  shows  a  section  of  a  doable  six-inch  braoch  on 
a  twelve-inch  sub-main. 


d 
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Pig.  110  is  a  section  of  a  wi-oiiglil-iion  angle  witli  its 
arts  united  by  a  cast  nnioii. 

Several  holes,  similar  to  tbe  rivet  Loles  of  tlie  pipe,  are 
E  punched  near  the  ends  to  be  united  at  different  points  in 
I  tlie  cucuniferenee,  so  tliat  the  metal  flows  tlirough  them, 
I  as  shown  in  the  sketches. 


i 


■  The  writer  has  ust^  these  branches  and  angles  exclu- 
eivelj  in  several  cities,  in  wrought-iron  portions  of  the 
I  distribiitiou-pipes,  without  a  single  failure. 

476.  TIil(rknes8  of  Shells  for  Cement  Liiiingrs. — 
When  computing  the  thickness  of  sheets  for  the  shells  of 
wronght-iron  cement-lined  pipes,  the  internal  diameter  of 
the  shell  itself,  and  not  of  finished  bore,  is  to  be  taken. 
The  longitudinal  joints  of  the  shells  for  pipes  of  12-inch  and 
greater  diameters,  should  be  closely  double  riveted. 

The  tensile  strength  of  the  sliells,  when  made  of  the  best 
plates,  may  be  assumed,  if  single  riveted,  36,000  pounds 
per  square  inch,  and  double  riveted  40,000  pounds  i>er 
square  inch. 

A  formola  of  thickness,  given  above,  with  factor  of 
L  safety  =  4,  in  addition  to  allowance  for  water-ram,  may  be 
>  DBed  to  compute  the  thickness  t)f  plates,  viz.: 


_(p  +  lOOid 
.S'S       ' 


(19) 
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in  which  t  is  the  thickness  of  rolled  plate,  in  inches. 
d     ^^     diameter  of  the  shell,  in  inches. 
p     ^^     static  pressure  due  to  the  head  in  lbs.  pet 

sq.  in.  =  .434  A. 
S    ^^     tenacity  of  riveted  shells,  in  lbs.  per.  sq.  in. 

The  following  table  gives  the  thickness  of  shells  for 

cement  linings,  and  the  nearest  No.  of  Birmingham  gange 

in  excess,  suitable  for  heads  of  from  100  to  300  feet,  bj 

formula, 

/-.(^  +  100)rf 


TAB  L  E     No.    00 
Thickness  of  Wrought  Iron  Pipe  Shells. 

(Diameteis  4''  to  10''  single  riveted,  S  =  j/S/xxJbs.    Diametets  u^  and  upward,  double  nvdB^ 


• 
DiAMKTSR     "" 

or  Sheix.    T 

Hkao  II 

6  Fbbt. 

Head  175  Fbxt. 

Hkad  900  Fbxt. 

DiAMSTBR 
or   B<.>KR. 

lickness 

by 
ormubu 

Nearest      »pi 
No.  Birm.    *' 

bickiiess 

by 
ormula. 

Nearest 
No.  Birm. 

Thickness 

by 
Formula. 

NeaRst 
No.  Bina. 

'■  F 

1 

Gauge  in      p 
Excess.       ^ 

Gauge  in 
Rzcess. 

Gauge  in 
Ezoea. 

ImcAft, 

Imfkes.         i 

Jnckts^ 

i 

^ncket. 

Imeket. 

4 

5 

0417 

19 

.0486 

18 

.0639 

16 

6 

/ 

.0523 

17 

.0681 

15 

.0894 

n 

8 

,          9.25           , 

.0771 

15 

.0899 

13 

.1182 

II 

10 

11.25           . 

0937 

13 

.1094 

12 

•M37 

9 

12 

»3--\^       - 

0994 

12 

i'59 

II 

.1524 

8 

14 

:  ^^--5  j  . 

.1144 

12 

1334 

10 

•1754 

7 

10 

'    >7.5     1 

n^i 

10 

.1532 

8 

•  201 2 

6 

iS 

10.5     1 

1463 

9 

.1706 

7 

.2242 

5 

20 

21.5 

.1013 

8 

.1S81 

6 

.2472 

3 

-0-5     ' 

.1:^3 

f        7        . 

.2056 

5 

•  2702 

2 

34 

'    -5-5     : 

.1013 

6 

.2236 

4 

.2932 

I 

Sht^lls  haviuij:  less  factors  of  safety  than  our  formula 
jj:ivt\*i,  havt*  IvHMi  used  in  many  small  works.  A  factor  not 
loss  than  «s  K\^iilo  otTei*t  of  water-ram,  should  always  be 
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ken,  and  this  may  bp  found  directly  by  a  formula  in  the 
llowing  form  for  double  riveted  steel  plate  conduits ; 

=  '"'4i!'imlte^^'  X  '■'^  =  ""xne^s^''  +  230)     (20) 

477.  Oauge  Thickness  and  Weights  of  Rolled 
Irou. — The  following  table  (No.  100)  gives  the  thicknesses 
and  weights  of  alieet-iron,  corresponding  to  Birmingham 
gauge  numbera;  also  thicknesses  and  weights  increasing 
by  sixteenths  of  an  inch. 

478.  Lining:,  Covering,  and  Joint  Mortar. — The 
lining  mortar  and  covering  mortar  should  liave  tlie  volumo 
of  cement  somewhat  in  excess  of  the  volume  of  voids  in  tJic 
sand,  or,  for  linings,  (Hjual  jtarts  of  the  best  hydraulic 
cement  and  limNgrained,  sharp,  silicious  sand ;  and,  for 
coverings,  two-tifths  like  cement  and  three-iifths  like  sand. 

The  joint  mortar  Hliould  be  of  clear  cement,  or  may  bo 
of  four  parts  of  good  Portland  cement,  and  one  part  of 
hydraulic  lime,  with  just  euough  water  to  i-educe  it  to  a 
Btjff  imste. 

Tliis  kind  of  pipe  demands  very  good  materials  for  all 
its  parts,  and  the  most  thorough  and  faitliful  workmanship. 

A  concn^te  foundation  should  be  laid  for  it  in  quicksand, 
or  on  a  soft  bottom,  and  a  bed  of  gmvel,  well  rammed, 
fihonid  be  laid  for  it  in  rock  trench,  and  exceeding  care 
must  be  taken  in  replacing  the  trench  back-fillings.  Poor 
materials  or  slighted  workmanship  will  surely  lead  to  after 
annoyance. 

Some  of  the  cement-lined  pipes  are  given  a  bath  in  hot 
asphaltiim  before  their  linings  are  applied.  In  such  case,  a 
sprinkling  of  clean,  sharp  sand  over  their  siufaces  imme- 
diat^'ly  after  the  bath,  while  the  coating  is  tacky,  assists  in 
foiTiiing  bond  between  the  cement  and  asphaltum. 
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TABLE     No.    1  OO. 
Thicknesses  and  Weights  or  Pij^te-irom. 


•mictae-.          ^ 

of.      ' 
foM. 

.j 

'■"S^" 

.SSfi 

/«*«.            yv- 

ui,. 

/«U<. 

/«*«. 

A-.*. 

3000 

.454             i8. 

35 

t 

■03  "S 

1.2«J 

two 

.425             >7- 

18 

.06250 

2.:2« 

OO 

.38               IS. 

3«     ■ 

.. 

■09375 

3-1*1 

o 

■34                13- 

'* 

.12500 

sv 

I 

.3                        13. 

■3       ' 

;  r 

.'5635 

fi-3i5 

3 

.384                  II. 

48 

A 

.18750 

I.S!' 

3 

.359               »o 

9 

A 

■^'875 

8.8,. 

4 

.»38                9 

6,9 

i 

.35000 

5 

89J 

A 

.38125 

iij; 

6 

.303                8 

.05 

"fV 

-3' 250 

12.63 

7 

.18                  7 

J75 

ii 

.34375 

■  3.89 

8 

.165                6 

669 

J 

-37500 

15.16 

9 

.148                5 

58. 

H 

.40625 

16.42 

ID 

■  '34              5 

416 

ft 

-43750 

1,68 

11 

«So 

-46875 

I8.,s 

12 

.109              4 

405 

) 

.50000 

20.21 

U 

-095                3 

840 

A 

.56250 

22.;3 

u 

■083               3 

355 

i 

.62500 

25.6 

15 

.07a               2 

gio 

¥ 

.68750 

2779 

i6 

.065               3 

6j7 

I 

.75000 

i'^3^ 

i; 

.058               3 

344 

« 

.81250 

32.-''4 

m 

.049               1 

980 

J 

.87500 

35.37 

19 

.041               I 

69, 

H 

.93750 

3;.% 

»o 

•03s               > 

4IS 

I 

' 

40.41 

31 

.032               I 

293 

>A 

1,06250 

42.94 

33 

.038 

131 

■i 

1.13500 

45-17 

'3 

-«s 

010 

'f 

1.18750 

48.00 

>4 

8893 

'i 

i.3<;ooo 

50-5' 

»5 

.01 

8083 

'A 

1.3'' 250 

53-05 

a6 

.018 

7115 

■S 

1.37500 

55.51 

^7 

.016 

.6467 

|A 

I -437  50 

5S.10 

a» 

.014  . 

.5058 

1.50000 

60.63 

*9 

.013 

•5»S4 

■A 

1.56350 

63.15 

.011 

.4850 

■S 

1.62500 

65.68 

*4 

.4042 

;" 

1.68750 

68.20 

1    -009 

■3«38 

1.75000 

70.73 

1        ,oo» 

■  3233 

'li 

1.81350 

73->6 

.007 

.2829 

'i 

1.87500 

75-78 

1       .005 

.202 1 

'H 

i.9375«- 

78.31 

3 

1       .004 

.1617 

2 

3 

80.83, 

ASPHiLTUM-BATH     FOR    PIPES. 


1479.  A Hphaltiioi -coated  Wroiijflit-iroii  Pipes.— 
rouglit-iroii  pipes,  cuated  with  aBijliaUum,  liave  beei- 
used  aliiKist  t'xclusively  in  Calil'ornia,  Nevada,  and  Oivgim 
some  of  those  of  tlie  Sau  P'rancisco  water  supply  being 
tliirty  indies  in  diameter. 

Some  of  these  wrougbtriron  pipes,  in  siphons,  are  sub- 
jected to  great  i)res8ure,  as,  for  instance,  in  the  Virginia 
City,  Nevada,  supply  main,  leading  water  fi-om  Marlette 
Ijike. 

This  main  is  11^  indies  diameter,  and  37,100  fef;t  in 
length,  and  eroases  a  deep  valley  between  the  lake,  upon 
one  mountain  and  Virginia  City  uijon  anotlier.  Tlie  inlet, 
where  tlie  pipe  receives  the  water  of  the  lake,  is  2.098  feet 
above  the  lowest  depression  of  the  pipe  in  the  valley.  wIilth 
it  passes  under  the  Virginia  and  Trnckee  BaiiiTjad,  and  the 
deliverj'  end  is  1528  feet  above  thi'  same  depression.  A 
portion  of  the  pipe  is  subjected  to  a  steady  static  strain  of 
7i>0  pounds  j>er  stpiare  iurh. 

The  thickness  of  this  i)ipe-sliell  varies,  according  to  the 
pressure  upon  it,  as  follows : 


1 


The  joints  are  covered  with  a  sleeve,  and  the  joint  pack- 
ing is  of  lead.     . 

480.  Asiihaltiiiii-Bath  for  PipeR. — A  description  of 
the  asphaltuin  coating,  as  prepared  for  these  pipes  by 
Herman  Scliussler,  C.E,,  under  whose  direction  many  pijies 
have  been  laid,  is  given  in  the  January,  1874,  Report  of 
J.  Nelson  Tubbs,  Esq.,  Chief  Engineer  of  tlie  Rodieatei 
Water-works,  as  follows,  in  Mr.  SchuBsler's  language  : 
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^^  The  purest  quality  of  asphaltum  (we  use  the  Saoti 
Barbara)  is  selected  and  broken  into  pieces  of  from  the  sat 
of  a  h(*n's  egg  to  that  of  a  fist  With  this,  three  or  fom 
round  kettles  are  tilled  full,  then  the  interstices  are  fiM 
with  the  best  quality  of  coal  tar  {tree  from  oily  substanctS), 
and  boiled  from  three  to  four  hours,  until  the  eniiiv  kettle 
charge  is  one  semi-fluid  mass,  it  being  frequently  stirrvd  up. 
Tlie  best  and  most  practical  test  then,  as  to  the  suitahilitf 
of  the  mixture,  is  to  take  a  piece  of  sheet  iron  of  the  thick- 
ness the  pip**  is  made  of^  say  six  inches  square,  it  being 
cold  and  freed  from  impurities,  and  dip  it  into  the  boiling 
mass,  and  kei*p  it  there  from  five  to  seven  minutes.  Imme- 
diately after  taking  it  out,  plunge  it  into  cold  water,  if 
jwssible  near  the  freezing-jioint  and  if,  after  removal  from 
the  water,  the  coating  don't  become  brittle,  so  as  to  jump 
off  the  iron  in  chips,  by  kno(*king  it  with  a  hammer,  but 
tirnily  adli^^res  tlike  tlie  tin  coating  to  galvanizes!  iron),  the 
ri.;rt  is  ir«Hxl  and  will  last  forages.  If.  on  the  other  hand, 
it  is  brittle,  it  shows  that  there  is  either  too  much  oil  iu  tLe 
tar  or  asplialnun.  or  the  mixture  was  boiled  too  hot.  or 

m 

then*  was  tiV>  much  c^xil-tarin  the  mixture  :  as  adding  coal- 
tar  n*ak»*s  thv^  mixtiin*  brittle,  while  by  adding  asphaltum 
it  K^*o- 1  s  Tt^uirli  and  pliable.  The  pipers  are  immersed  in 
the  kiii:  as  tlius  pn'i^annl/* 

Wn^n::liT-ii>Mi  tii^-s  of  this  d**scription  arp  extensively 
us«vl  i'.  Fnin»^\  in  »liam»*:er?  up  to  48  inches. 

T*.f\  :\r>  -^rsT  siilMtvtf\i  to  a  bath  of  hot  asphaltum,  and 
tlu  n  tVio  I'xnri.^rs  an^  o«>:ited  with  an  asphaltum  conrrpte, 
intv^  uVir\  sotvi-    scivi  is  intixiduced,  as  into  the  cement- 

1st.  WrtMichi  1M|H*  Platen.— The  shells  of  wrought 
ii\^-.\  o.^rivlir.ts  :»r..:  v^i>^  sV.ould  be  of  tlie  best  rolled  platps» 
of  toiuVi  ar.vi  .l,;v  :-'.o  ojiaMry,  of  altjnuite  strength  not  lt?ap 


\VVlKOFra    PATENT    PIPE. 

an  r»o,lK)0  lbs.  per  square  inch,  and  that  will  elongate 
1  per  cent  and  reduce  Ui  ewtioiial  area  tweiity-five  per 
nt  before  fracture. 

WOOD     PIPES. 

483.  Boreil  Pii>es.— The  wooden  pipes  used  to  replace 

kiiden  pijtt^a,  in  London,  that  wen.!  destroyed  bj-  the 

:  tii-e.  three-quartei-K  of  a  century  ago,  reached  a  total 

^tii  excei'diujj  f(>ur  hundivd    miles.     These   pipes  were 

red  with  a  ])eculiar  core-auger,  that  cut  them  out  in 

)Bt8,  so  that  small  pipes  were  made  from  cores  of  larger 

•8. 

riie  eai-liest  water-mains  laid  in  America  were  chiefly  of 

pi'd  logs,  and  i-ecent  excavations  in  the  older  towns  and 
cities  have  oilen  uncovered  the  old  cedar,  pitch-pine,  or 
chestnut  pii>e-logs  that  had  many  years  before  brcn  laid  by 
a  single,  or  a  few  associated  citizens,  for  a  neighborliood 
enpply  of  water. 

Bored  pine  logs,  witli  conical  faucet  and  spigot  ends, 
and  with  faucet  ends  strengthened  by  wrought^iron  bands, 
were  laid  in  Philadelphia  as  early  as  1797. 

Detnnt  had  at  one  time  one  hundred  and  thirty  miles  of 
small  wfKid  water-pipes  in  her  streets. 

483.  Wyckoff'H  Patent  Pipe. — A  patent  wood  pipe, 
manufactun'd  at  Bay  City,  Michigan,  has  recently  been 
laid  in  several  western  towns  and  cities,  and  has  developed 
an  unusual  titn-ngth  for  wood  jiipes.  Its  chief  peculiarities 
are,  a  8])iral  banding  of  hoop-iron,  to  increase  its  resislaiiro 
to  pressure  and  water-ram;  a  cojiting  of  asphaltum,  id 
preserve  the  e.tterior  of  the  shell ;  and  a  special  form  ol 
thimble-joint. 

Pig.  Ill  is  a  longitudinal  section  through  a  joint  of  this 
■  wood  pipe,  showing  the  manner  of  inserting  the  thimble, 
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» 


jiiid  Fig.  J 12  i.s  an  oxtPi'ior  view  of  (he  piix\  .•iiuMviiig  Uie 
Bpiral  biindirig  of  liooji-iraii,  and  the  ai^pLtultum  cuvcriiig, 

TliL!  inLiniifactim'i-'s  lirciilar,  from  wfucsli    the  illustm- 
tions  are  copied,  staU's  that  the  pipes  luade   uudex  this 

FiQ.  112. 


The  size  of  tlie  pipes  is  limited  only  by  tiie  size  of  the  siiit 
able  logs  iirocnmble  for  their  manufacture. 

Judgt.'d  by  schedules  of  factory  prices,  these  pipes  do 
not  appear  to  be  cheaper  io  first  cost  than  wronglit-iroii 
pi  pee. 

A  wood-atave  pipe  Is  described  and  illuBtrat«d  in  §441, 
pa^e  4:iy,  and  in  the  Plate,  page  444a. 
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CHAPTKK  XXri. 

DISTEIBPTION    SYSTEMS,    AND    APPENDAaBS. 
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4S4.  Ij088  of  Head  by  Friotlon. — In  the  chapter 
niTon^^oio  of  water  in  pipes  (XIII,  ante),  we  have  discussed 
at  length  the  question  of  the  maximum  discliargiug  ca- 
pacities of  pipes.  "Wlien  planning  a  system  of  distribution 
pipes  for  a  domestic  and  Are  service,  it  is  quite  as  import- 
ant to  know  how  much  of  the  available  liead  will  be  con- 
sumed by,  or  will  remain  after,  the  passage  of  a  given 
quantify  of  water  through  a  given  pipe. 

For  a  really  valuable  tire  seiTice,  the  effectine  liead 
pressure  remaining  upon  the  pii>ee,  with  full  dravf/ht, 
should  be,  in  commercial  and  manufacturing  sections  of  a 
town,  not  less  than  one  hundred  and  ffty  feet,  and  in 
Buburban  sections,  not  less  than  one  huTtdredfeet. 

Water  at  such  elevations,  near  a  town,  has  a  large  com- 
mercial value,  whether  it  has  been  lifted  by  the  operations 
oT  nature  and  retained  by  ingenuity  of  man,  or  has  been 
pumped  up  tlirough  costly  engines  and  with  great  expend- 
iture of  fuel. 

When  such  head  pressures  are  secured  at  the  expense 
of  pumps  and  fuel,  they  are  too  costly  to  be  sqnanden^d  in 
friction  in  the  pipes.  Such  frictional  loss  entails  a  corre- 
Bpftnding  daily  expense  of  fuel  so  long  as  the  ^vorks  exist 
In  such  case,  the  pipes  may  be  economically  increased  in 
size  nntU  the  daily  irictional  expense  capitalized,  approxi- 
mates to  the  additional  capital  requii-ed  to  increase  the 
^ven  pipes  to  the  next  larger  diameters. 
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The  frictional  head  A"  in  pipes  under  preeBme,  is  (aoA 
hy  the  formula, 


h"  =  p"  (4)n)  g 


^) 


The  frictional  head  for  a  given  diameter  is  as  tbe  sqnve 
of  the  velocity,  nearly  (v'm)  and,  for  different  diametera, 
inversely  as  the  diameters. 

Tlie  coefficient*  m  decreases  in  value  as  tbe  velocity 
increases,  and  for  a  given  velocity  decreases  as  the  diametfT 
increases. 

485.  Table  of  Frictional  Heads  In  Pii>es.— Tlw 
following  table  (Xo.  101,  p.  495)  we  have  prepared  to  Cacfli- 
tate  frictional  bead  calculatious,  and  to  show  at  a  glance  the 
fiictioual  effect  of  increase  of  velocity,  in  given  pipes  from 
4  to  36  inch  diameters.  The  second  and  la^t  colnmns  ebmr 
also  the  theoretical  volume  of  deliveiy  through  clean,  smooth 
jnpes  at  different  given  velocities,  t 

The  fourth  column  gives  approximate  vBlaee  of  th* 
coefficient  m  for  given  diameters  and  velocities,  and  for 
clean  smooth  pipes  nnder  pressure. 

*  rbb  Table  No-  BS,  pm^  34S.  of  meffidpsta  (m)  for  dns,  sliglitlj-  inbn- 
oDlatfd,  and  (oul  jdpM ;  also  g  374,  page  230,  tot  fonnuU  of  fiictioiia]  noA- 
■nee  to  Sow. 

t  There  will  be  a  sligbt  i^dcUoq  of  njume  aad  relodtj,  and  IneraM  «t 
eoend«nt  anj  friction,  lor  ea«b  valve  and  bnuicli,  and  materia]  chugM  k 
theoe  respects  if  ibe  pipes  are  Tongh  or  fool. 
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TA  B  L  E     No.     1  O  1 


Frictional  Head  in    Main   and  Distribution  Pipes  (in  each 


A^ 

C/V/V^      AV>V.k      IV.  11 

gvn;.        ft       — 

1  c/    y\"i)         J 

) 

i 

Diam. 
of 

Volume  of; 

Velocity 

of 

Coefficient 
of 

Frictional  head  • 

1 

U.  S.  gallons 
in  24  hours. 

t 
1 

pipe. 

water 

flow. 

1            "• 
1        friction. 

t 

1 

per  1000  feet. 

inches 

f 
• 

Cm.  ft.  per 
min. 

Feet  per 
set  ond. 

m. 

Feet. 

Gallons. 

4 

5 

.933 

.00773 

1.256 

•      53.IB56 

• 

7-5 

i.4f>o 

.00729 

2.063 

8o,b84 
107,712 

» 

lO 

1.S67 

'             .00704 

4.573 

12.5 

2.333 

.<J0684 

,              (J. 053 

134,^40 

»   ' 

15 

^:8oo 

.00668 

9.r5S 

161,568 

175 

3.3^>7 

.00653 

13.773 

188,496 

20 

3-733 

.00644 

1 

IG.7^'3 

2i5.r*24 

1 

6 

17.5 

1.4^5 

.006S7 

1.877 

188,496 
215,424 

20 

1.698 

.00674 

2M4 

22.5 

1. 910 

.:  00664 

3.054 

242,p52 

25 

2.121 

.00657 

3.705 

269,280 

27.5 

2.333 

.00649 

4.388 

296,}2o8 

30 

2.546 

.00643 

5. 177 

323,1126 

35 

2.971 

.00631 

6.918 

376.  J92 

40 

3.395 

.00621 

8.801 

430,148 

45 

3.819 

.00612 

11.081 

484,704 

8 

30 

1.432 

.00657 

1.284       ' 

323.11 36 

35 

1. 671 

.00645 

1.678 

376,1^2 

■  • 

40 

1. 910 

.00635 

2.158 

430.M 

45 

2.149 

.00627 

2.698 

484.I704 

50 

2.387 

.00620 

3.201       ! 

538.560 

( 

55 

2.626 

.00612 

3.945       ' 

592.ki6 
646,^72 

60 

2.865 

.00607 

4. 6 10       I 

•  • 

65 

3.104 

.00602 

1 

5.404 

700,1128 

70 

3.342 

.00596 

6.202      ' 

753.984 
807,640 

75 

3.581 

i     .00592 

7.073 

80 

3.820 

.00587 

7.980 

861,696 

85 

4.058 

.00583 

8.045 

915.652 

• 

90 

4.297 

.00579 

1 

9.060       . 

1 

969,408 

lO 

60 

1.834 

.00610 

1.530 

646,272 

70 

2.139 

.00601 

2.11s 

753.984 

• 

80 

2.445 

;     .00592 

i.\630       ; 

86i,f)96 

90 

2.750 

.00585 

j          3.L'0S       \ 

969,^08 

;  ' 

100      ' 

3.056 

;     .00579 

4.031     : 

i,077,S20 

no        i 

3.362 

•     .00573 

4.8^7     : 

1.184,832 

120 

3.667 

.00567 

5.683 

1,292,544 

130 

3.973 

.00563 

G.Gl'o 

1,400,256 

140 

4.278 

.00559 

7.iy^7 

1,507,968 

153 

4.5^4 

.00555 

8.6U4 

1,615,680 

FBICTIUNAI,    HEADS    IK    PIPES. 


TAB  L  E     No. 


-(Continu«dl. 


Frictional  Head  in   Maim  and  Distribution   Pipes  (in  each 
looo  feet  length). 


Diun. 

of 
pipe. 

VoluiKOf 

vuodtr         c« 
Oow.              it. 

PCT,™fm. 

■ilttr 

/■rl/t. 

Cu./I  frr 

"jr^*^ 

m. 

Put. 

<T^fc-. 

la 

lao 

1.546 

txtf,lt 

t.tsa 

1,292,^44 

140 

2.971 

S.&70 

I.505.9M 

160 

3.395 

00553 

3.9S!> 

1.713.39' 

iBa 

3.820 

00547 

4.HSS 

1.93a.?"'' 

4.244 

O0S41 

6.053 

3,I54.14D 

4.668 

00536 

7.es4 

».36q.I*1 

140 

S.093 

00532 

8.S71 

2.S85.0M 

'4 

'75 

2.738 

OOS47 

S.I67 

1.884.96" 

3.1  IS 

□0541 

S.800 

2,I54.2#) 

aas 

3,508 

00534 

s.m 

>.4»3.!*' 

3SO 

3.897 

oosag 

4.fn 

2.691.800 

375 

4.387 

00535 

S.I3? 

2.962.080 

yxi 

4.676 

00521 

6.VSS 

3.331.360 

3^5 

5.067 

00517 

7.060 

3.S00.6*. 

35° 

5-557 

00513 

"W 

3.769.9«" 

Id 

235 

2.6Bb 

00532 

1.787 

1.4I3.>-'' 

850 

a.984 

00526 

g.lS7 

2.693.900 

27s 

3.283 

00522 

S.6ZI 

2.Q6!.a8ci 

300 

3-581 

00518 

3.0SS 

3.231.360 

325 

3.B79 

00514 

3.603 

3,500.640 

350 

4-178 

00511 

liss 

3.769.9JO 

375 

4.476 

00508 

4.7*1 

4.039. 200 

400 

4-775 

0050s 

S.3^4 

4.308.460 

425 

5.073 

oojoa 

6.018 

4.577.7t« 

45" 

5.37a 

4,S47.iJ» 

475 

5.671 

0049B 

7.4'ii 

5.116.320 

50a 

i.'fii 

oo4,X. 

S.ISO 

5.3S5.'™ 

■  H 

3<xi 

I.82g 

00513 

1.700 

3.231.260 

350 

3.291 

00506 

e.iis 

3.769.920 

40a 

3.763. 

00501 

S.938 

4,308.480 

450 

4.244' 

00496 

3.700 

4.847.040 

SOU 

4-7'6 

00492 

4.S31 

5.385.600 

550 

5.186 

004SS 

5.435 

5.934.160 

boo 

5.658 

00485 

e.4£9 

6.462,720 

650 

6..  30 

00482 

7.397 

7.001,280 

675 

6,365 

□0480 

8.0SS 

7.270.560 
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TABLE     No.     1  O  1  — (Continued). 

"iiCTioNAL   Head  in    Main   and   Distrihution    Pipes  (in  each 

looo  feet  length). 


iam. 
of 

Volume  of 

Velocity 
of 

Coefficient 
of 

ipe. 

water 

dow. 

friction. 

thtrs. 

Cu./t.ptr 
min. 

Fttt  per 
second. 

m. 

SO 

350 

2.674 

.00500 

400 

3.056 

.00495 

450 

3.438 

.00491 

500 

3.820 

.00487 

550 

4.202 

.00483 

600 

4.584 

.00480 

650 

4.966 

.00478 

700 

5.348 

.00476 

750 

5.730 

.00474 

800 

6. 112 

.00472 

850 

6.494 

.00470 

900 

6.875 

.00469 

14 

550 

2.918 

.00470 

6OU 

3.183 

.00467 

650 

3.448 

.00465 

700 

3.714 

.00463 

750 

3.979 

.00461 

800 

4.243 

.00459 

850 

4.508 

.00457 

900 

4.774 

•00455 

950 

5.039 

.00454 

1000 

5.304 

.00453 

1050 

5.569 

.00452  - 

1 100 

5.835 

.00451 

1150 

6.100 

.00450 

1200 

6.366 

.00449 

1250 

6.631 

.00448 

»7 

8OU 

3.353 

.00450 

900 

3.772 

.(X>446 

lOUO 

4.192 

.00444 

1 100 

4. 61 1 

.00442 

1200 

5.031 

.00441 

1300 

5.450 

.00439 

1400 

5.869 

.00437 

1500 

6.289 

.00436 

1600 

6.708 

.00435 

1700 

7.127 

.00434 

Frictional  head 
I>er  1000  feet. 


U.  S.  ffalloiu 
in  24  nours. 


Feet. 

1.723 
3.1(13 
£.64^ 
3.26i^ 
3.769 

14S1 
5.073 
5.802 
6.571 
7.387 
8.261 

1.243 
1.409 
1.716 
1.983 
2.267 
2.566 
2.95  f 
3.220 
3.580 
3.967 
4.353 
4.769 
5.20(J 
5.651 
6.118 

1.396 
1.752 
2.154 

2.594 
3.081 
3.6O4 
4.155 
4.996 
5.403 
6.085 


Gailoms. 

3,769.920 
4.308,480 
4,847,040 
5,385.600 
5,924,160 
6.462.720 
7,001,280 

7,539.840 
8,078,400 
8,616,960 
9.J55.520 
9,694,08'.^ 

5,924,160 
6,462,720 
7,001,280 

7,539.^40 
8,078,400 
8,616,960 
9.155,^20 
9,694,080 
10,232,640 
10,771,200 

ii,3(j<>,76o 
11,848.320 
12,386,880 
12,925,440 
13,464,000 

8,616,960 
9,694,080 
10,771,200 
11,848,320 
12,925,440 
14,002,560 
15,079,680 
16,156,800 
17,233.920 
18,311,040 
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TABLE    No.    1  O  1— (Ck>ntinuad). 

Frictional  Head  in   Main  and  Distribution  Pipes  (in  each 

looo  feet  length). 


Diam. 

of 
pipe. 

Volume  of 
water 

Velocity 

of 

flow. 

t 

Coefficient 

of 

friction. 

Frictional  head 
per  tooo  feet. 

U.S.nIkM 
in  t4  boon. 

Jnckrs. 

miH. 

Feet  ptr 
sfcond. 

W. 

Fett. 

G^Ums. 

y> 

lOOO 

3.395 

.00435 

1.246 

10,771,200 

I200 

4.074 

.00431 

1.781 

12.925,440 

1400 

4.753 

.00428 

2,40s 

15.079,630 

1600 

5.432 

.00426 

.'i.lSS 

I7.233,9» 

1800 

6.II2 

.00424 

S.936 

19,383.160 

2000 

6.791 

.00422 

4.S35 

21.542.400 

2200 

7.470 

.00420 

5.823 

23.696,640 

2400 

8. 149 

.00418 

6.906 

25.850.880 

36 

1500 

3.537 

.00408 

1.057 

16.156,800 

20CK) 

4.716 

.00404 

1.822 

21,542.400 

2500 

5.^95 

.00400 

2.878           1 

26.928,000 

3000 

7.074 

.00397 

4,113 

32,313.600 

35tx> 

8.252 

.00395 

5.583 

37.699.200 

4000 

9.431       j 

i 

.00393 

7.237 

43.084,800 

486.  Relative  Discharging  Capacities  of  Pipes.^ 

The  volume  of  water  delivered,  q^  by  a  pipe,  is,  as  we  have 
seen  (§  296),  equal  to  the  product  of  its  fiection  4S^  into  ill 
mean  velocity  of  flow  t), 

q^So. 
The  equation  of  velocity  is, 


-Pf-?' 


hence  we  have,  for  full  pipes, 


^^S.  ]'-^^['  =  ^-  |¥f''P  =  •7864^-  ]^'[* 


By  uniting  the  two  terms  of  rf,  within  the  vinculnm,  w© 
have  the  equation  of  volume,  q  =  6.308  -j  ^^  J  ,  and 


RELATIVE  CAPACITIES  OF  PIPES. 
,_    1 .81080^'!  H         ,—_    l.6168f>(i'll 


y  ^  .:{['-i7(- 


( ,/v,  ( i 


Tlie   i-pliitivc   (Usi'hjirjriiig  ]HJWfi'3  of   [Hpes,  are  as  tht* 

uiiotinntK.  V  — ,  or  as  r.tr  or  nearly  iis  the  square  r'x»I« 

(if  the  tiftli  jiowers  of  tlie  (li« meters. 

By  tmnapowition  of  the  eqiiatifin  for  volume,  q,  we  have 
trhe  equation  for  diameter  of  loug  ]ii]H-)s, 


d  =  .47WI 


^"f-   -  -ji^.}'       •3, 


The  relative  diameters  required  for  equally  effective 
deliveries  are  as  the  j)roducts  ^'j'lti,  or  f'j"  -r-  c',  nearly  as 
the  fifth  roots  of  the  squares  of  the  volumes. 

487.  Tiiblp  of  KelHtivi'  CapacltieH  of  Piiies.— The 
loUfiwiug  laMi'  (No.  Iif2j  of  uppmxiniate  i-elative  diBcharg- 
ing  |Hiwer»  i>r  I'ijH'R,  will  fuuilitate  the  proper  pi-oportioniiig 
ofsystt-nif  of  jiipe  diatributaoDs.  It  shows  at  a  glance  the 
ratio  of  the  square  root  of  the  fifth  jiower  of  any  diameter, 
from  3  to  48  inches,  to  the  squan;  root  of  the  fifth  power  of 
any  other  diameter  within  the  same  limit. 

In  the  second  column  of  this  table,  the  diameter  1  foot 
is  ii.«sumed  as  unit,  and  Ihe  ratios  of  the  square  roots  of  the 
fifth  jKiwei-s  of  the  other  diameters,  in  fret,  are  given  oppo- 
site to  the  respective  diameters  in  feet  written  in  the  lirst 
colunm.  Titus  the  appmximate  relative  ratio  of  dischargimj 
power  of  a  3-foot  pipe  to  that  of  a  1-foot  pipe  is  as  15.58S  to 
1  ;  and  of  a  .5  foot  pii)e  to  a  1-foot  pipe  as  .1768  to  1  ;  also 
the  n'lative  dlsrhar^in;:  [mwer  of  a  4-foot  pipe  is  to  that  of 
Ra  3-foot  pi]>e  as  32  to  o.f!57. 
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The  last  vertical  cDluinii  pves  tlie  diameters  in  iuclies, 
as  dot's  also  tlie  horizontal  column  at  the  head  of  the  right 
hand  set-tiuu  of  the  table. 

The  numbers  in  tlie  intersections  of  the  horizontal  and 
vertical  I'olnmns  from  the  diameters  In  inches  give  als<i 
approximate  relative  discharging  cHi)acitie8.  For  instance, 
a  48-inch  pipe  is  equal  in  discluirging  capacity  to  15.69  six- 
t*'en-inch  pijjes,  or  8.92  twenty-inch  pipes,  or  5.66  twenty- 
four-inch  pipes,  or  1.58  forty-inch  pipes,  etc. 

In  domestic  pipe  systi-ms  the  n.suai  limit  given  to 
frictions  of  flow  modifies  these  relative  capacities  by  allow- 
ing  leaser  velotrities  in  the  large  pii«;s.  For  instani-e.  in 
the  combined  Hre  and  domestic  pipe  system  a  30-incli 
pipe  is  deemed  equivalent  to  ISJ  instead  of  ISj  twelve-ini-li 
pipes,  a  24-inch  pipe  is  equivalent  to  13.60  insffad  of  1558 
eight^inch  pipes,  and  a  16-incli  pipe  to  11  instead  nf  11.6 
six-inch  pipes,  etc. 

488.  DeptliH  of  Pipes. — The  depths  at  which  pipes 
are  to  be  placed,  so  tliey  shall  not  be  iiyured  by  traffic  or 
frost,  is  a  matter  for  special  local  study,  general  rules  being 
but  partially  applicable.  The  depth  is  controlled  in  eacli 
given  latitude,  or  theraiic  belt,  by  first,  the  stability  of  the 
earth,  whetlier  it  be  soft  and  quaky,  or  heavy  clay,  or  dose 
Band,  or  ro<^k;  second,  whether  the  ground  be  satiinited  by 
surface  waters  that  remain  and  freeze  and  conduct  down 
frost,  or  by  living  springs  flowing  up  and  opptjsing  deep 
penetration  of  frost;  third,  whether  thts  ground  be  i)orou8, 
well  imdenlrained  to  a  level  below  the  iiijK's,  and  tlie  pon-s 
tilled  with  air,  which  is  a  good  non-conductor  ;  and  fourili, 
whether  the  winds  sweep  tlie  snows  off  from  given  localities 
and  leave  them  unprotected,  or  given  localities  are  shathd 
and  the  severity  of  night  is  nncounteracted  at  noonday. 

Along  those  thermic  lines  whose  latitudes  at  the  Allan- 
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tic  coast  are  as  given,  fhe  depths  of  the  axes  of  the  pipes^il 
dose  gravelly  soils,  may  be  approximately  as  follows: 


TABLB    No.    lOd. 


Approximate  Depths  for  Axes  op  WATER-PtPES. 

OlAM. 

j 

1  Latttudb 

.    LATm.'DB 

LATTTt'DS 

DXAM. 

LATmDB 

• 

LATnm 

40'  North. 

4a   North. 

44-  Nocth. 

■                    I 

46»  North. 

4a    Nocth. 

< 

44- N«*. 

Deftkc/ 

1   De^ho/ 

1 

Depik0f 

Depth  c/ 

I>^¥ 

axu. 

mjcu. 

mjris» 

mjcit. 

mjcas. 

AXU, 

M 

/      rt 

0      m 

t     tr 

» 

/      m 

/      m 

#    m 

4 

4-8 

5—2 

6—2 

90 

4—10 

5—  5 

6-3 

6 

4—8 

5-2 

22 

4-10 

5—  5 

6-3 

8 

4—7 

5—1 

6—2 

24 

4— II 

5-  6 

6-4 

lO 

4—7 

5-1      ' 

6—2 

27 

4— II 

5—  7 

6-4 

12 

4-7 

5—1 

6—2 

30 

5—  0 

5—8 

6-4 

M 

4—7 

5—2 

6—2 

33 

5—  0 

5—  9 

6-5 

i6     ' 

4-8 

5—3 

6—2 

36 

5—0 

5 — 10 

6-6 

i8 

4-9 

5-4 

6—3 

40 

5—  I 

5— II 

6-7 

There  is  a  general  impression  that  the  water  passed  into 
pipes,  will  in  a  very  short  time  take  the  temperature  of  the 
ground  in  which  the  pipes  are  laid.  Close  observation  doea 
not  confirm  this  impression. 

If  water  at  a  high  temperature  is  admittetl  to  a  deep 
pipe  system,  in  the  early  summer,  while  the  ground  is  yel 
cool,  the  consumers  will  derive  but  little  benefit  from  the 
coolness  of  the  earth,  and  this  is  especially  the  case  when 
the  i)ipt^s  are  coated  and  lined  with  cement. 

Frost  also  jx^uetrates  at  various  points  as  low  as  the 
bottoms  of  sub-mains,  without  seriously  interfering  with 
the  flow,  and  water-pipes  are  often  suspended  beneath 
bridges,  where  ice  forms  in  the  river  near  by,  a  foot  or  more 
in  tliickness,  witliout  their  flow  being  interfered  with.  An 
eiglit  or  ten  inch  pipe  \nll  resist  cold  a  long  time  before  it 
will  fnvze  solid. 

The  hydrants,  small  dead  ends,  and  service-pipes  are 
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it  sensitive  to  cold,  and  tlieir  depths  and  coverings  should 
leive  especial  attention. 

Dead  ends  should  be  avoided  as  much  as  possible,  and 
Circulation  maintained  for  the  ])roteL'tion  of  the  pipes  against 
frost,  as  well  as  to  maintiiin  the  purity,  and  to  reenforce 
Ihnv  to  the  fire  hydrants. 

489.  Elementary  DimeiiHloiis  of  Pipes.— A  table 
of  tlie  elementary  dimensions  of  pijjes  facilitates  so  much, 
pipe  calculations,  that  we  insert  it  here  (p.  504).  The  last 
column  gives  also  the  quantity  of  water  required  to  fill  each 
lineal  foot  of  the  pipes,  when  laid  complete,  or  the  quaa> 
titles  they  contain. 

490.  Distribution  Systems, — We  have  now  reduced 
to  tabular  form  the  data  that  will  assist  in  establishing  the 
proportions  of  the  several  parts  of  a  system  of  distribution 
pipea,  for  the  domestic  and  fire  supply  of  a  town  or  city. 

For  illustration,  let  us  assume  a  case  of  a  thriving  young 
city  of  25,000  inhabitants,  situated  on  the  bank  of  a  naviga- 
ble river,  and  that  the  contour  of  the  land  had  permittee* 
its  streets  to  bo  straight,  and  to  intersect  at  right-angles. 
In  such  case  its  system  of  distribution  pipes  will  fonn  a 
Belies  of  parallelograms,  inclosing  one,  two  or  more  of  the 
city  blocks,  as  circumstances  require,  substantially  as  is 
shown  in  the  plan  of  a  system  of  idjyes,  Fig.  113. 

491.  Rates  of  Consumption  of  Water. — The  healthy 
growth  of  the  city  gives  reason  to  anticipate  an  increase  to 
35,000  inhabitants  within  a  decade,  and  this  number  at 
least  should  be  provided  for  in  the  fii-st  supply  main,  the 
first  resen'oir,  and  such  parts  as  are  expensive  to  duplicate, 
and  a  larger  number  should  be  provided  for  in  the  con 
duit,  and  such  parts  as  are  very  expensive  and  difficult  t< 
duplicate. 

The  continued  popularization  of  tlie  use  of  water,  and 
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TABLE    No.  104. 


Elementary  Dimensions  of  Pipes. 


ptauneter 

Diamater. 

Cootoar. 

Sectional  area. 

Hydraulic 
mean  radius. 

Cabal  coa. 

1              -  - 

Inches, 

^M/. 

FeH, 

Sq./ett. 

1 

Cuhk/ttt. 

\ 

•0417 

.1310 

.001366 

.0104 

.00136^ 

i 

.0625 

•  1965 

.003068 

.0156 

.00306* 

I 

.083 

.2618 

.005454 

.0208 

.00545^ 

14 

.1250 

•3927 

.01227 

.0312 

.01227 

a 

.1458 

.4581 

.01670 

.0364 

.01670 

2 

.1667 

•5235 

.02185 

.0418 

.02232 

3 

.250 

.7854 

.04909 

.0625 

.04909 

4 

•3333 

1.047 

.08726 

.0833 

.08726 

6 

.5000 

1.571 

•^9635 

.1250 

.19635 

8 

.6667 

2.094 

•3490 

.1666 

.3490 

10 

.8333 

2.618 

•5454 

.2083 

•5454 

12 

1. 0000 

3.142 

.7854 

.2500 

.7854 

14 

1. 1667 

3.665 

1.069 

.291^ 

1.069 

16 

^'ZZZZ 

4.189 

1-397 

•3333 

1-397 

18 

1.5000 

4.713 

1.767 

.3750 

1.767 

20 

1.6667 

5-235 

2. 181 

.4166 

2. 181 

24 

2.0000 

6.283 

3-142 

.5000 

3.14* 

27 

2.2500 

7.069 

3.976 

•5625 

3976 

30 

2.5000 

7.854 

4.909 

.6250 

4.909 

33 

2.7500 

8.639 

5.940 

.6875 

5-940 

36 

3.0000 

9.425 

7.069 

.7500 

7.069 

40 

Z'Z:i2^z 

10.47 

8.726 

.8333 

8.726 

44 

3.6667 

IT. 52 

10-558 

.9166 

10.558 

48 

4.0000 

12.56 

12.567 

1. 0000 

12.567 

54 

4.5000 

14.14 

15-905 

1. 1250 

15-905 

60 

5.0000 

15-71 

19.635 

1.2500 

19-635 

72 

6.0000 

19.29 

29.607 

1.5000 

79.607 

84 

7.0000 

21.99 

38.484 

1.7500 

3^-4<^4 

96 

8.0000 

i 

25-45 

50.265 

2.0000     i 

1 

50.265 

'-     I 
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the  increasiiig  demand  for  it  for  domestic,  irrigating,  orvi. 
mental,  and  mechanical  porpoees,  with  the  increasing  waste 
to  which  they  all  tend,  requires  that  at  least  an  annaal 
average  of  75  gallons  per  capita  daily  must  be  provided  foe 
the  35,000  i>er8ons. 

In  our  discussion  of  the  varying  consumption  of  water 
(§  19),  it  is  shown  that  in  certain  seasons,  days  of  the  wedi[, 
and  hours  of  the  day,  the  rate  of  consumption,  indejiendent 
of  the  fire  supply,  is  seveTdy-five  per  cent,  greater  than  the 
aveiage  daily  rate  for  the  year.  In  anticipation  of  this 
varying  rate,  we  should  proportion  our  main  for  not  leas 
than  fifty  per  cent  increase  (=75  x  1.50  =  112.6),  or  fc^a 
rate  of  112.5  gallons  per  capita  daily,  which  for  35,000  pe^ 
sons  equals  a  rate  of  305  cubic  feet  per  minute. 

493.  Bates  of  Fire  Supplies.— For  fire  supply  w» 
anticipate  the  possibility  of  two  fires  happening  at  the  same 
time  requiring  ten  hose  streams  each.  The  miTiiiniiTn  fin 
supply  estimate  is,  then,  twenty  hose  streams  of  say  30 
cubic  feet  per  njinut<\  or  a  total  of  600  cubic  feet  per  minnte. 

The  rombinfKJ  rate  of  How  of  tire  and  domestic  supply  is 
(365 -6(H))  06.)  cubic  feet  per  minute. 

ilW.  Diameter  of  Supply  3Iaiii. — Turnin<r  now  to  the 
table  of  Fru  tional  Head  in  Distribution  Pii>es,  and  looking 
for  volume  in  the  second  column,  we  find  tlmt  a  24-inrh 
pi})0  will  deliver  965  cubic  feet  per  minute,  with  a  velocity 
of  flow  of  about  ."5  fivt  |>er  s<M'ond,  and  with  a  loss  of  ht«d 
of  about  3.7  feet  in  eacli  thousand  feet  length  of  main.  A 
20-iiich  pijie  will  deliver  the  same  volume  with  a  velocity 
of  flow  of  about  7.:^  feet  jier  second,  and  with  a  loss  of 
head  of  about  10  feet  in  each  thousand  feet  length.  Unless 
the  main  is  short,  this  velocity,  and  this  loss  of  head,  in- 
creasi'd  by  the  loss  at  angles  and  valves,  is  too  great  We 
adopt,  therefore,  the  24-incli  diameter  for  supply  main. 
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494.  Diameters  of  Snb-Mains. — We  now  compote 
the  portions  of  tbe  whole  supply  that  will  be  required  in 
each  section  of  the  city.  If  our  plan  of  distribution  la 
divided  into  twelve  sections,  then  the  average  section  sup- 
ply is  one-twelfth  of  tlie  whole.  We  find,  for  instance,  that 
Sec.  1  requires  85  jjer  cent,  of  the  average  ;  Sec.  3.  125  per 
cent,  of  the  average  ;  Sec.  12,  100  ptr  cent,  of  the  average  ; 
Sec.  32,  QT>  per  cent,  of  the  average,  for  domestic  use,  etc. 

Now.  with  the  aid  of  the  table  of  relative  discharging 
powers  of  pipes,  and  the  table  of  frictional  heads  in  pipes, 
we  can  readily  assign  the  diameters  to  tbe  sub-mains  that 
are  to  distribute  the  waters  to  the  several  sections,  adding 
to  both  domestic  and  fire  supply  volumes  for  the  nearest 
sections  the  estimated  volumes  that  are  to  pass  beyond  them 
to  remoter  sections. 

This  done,  we  may  sum  up  the  frictional  lostses  of  liead 
along  the  several  lines  from  the  supply  to  any  given  jMiint, 
and  deduct  the  sum  from  the  static  head,  and  see  If  the 
required  fffectiX'e  head  remains.  The  voliivie  and  eflfective 
head  are  matters  of  tlie  utmost  importance,  when  the  pipes 
are  depended  upon  exclusively  to  supply  the  waters  re- 
quired for  fire  extinguishment.  The  lack  of  these  has  cost 
several  of  our  large  cities  a  million  dollars  and  more  in  a 
single  night. 

An  inspection  of  the  table  of  Frictional  Head  shows  how 
lapidly  the  friction  increases  when  velocity  increases.  The 
increase  of  frictions  are,  in  the  same  pipe,  as  the  increase  of 
squares  of  velocities  (?)'m),  nearly. 

495.  Maxininin  Velocities  of  Flow. — \s  a  general 
rule,  the  velocities  in  given  pipes  should  not  excwid,  in  feet 
per  second,  tlie  rates  stated  in  the  following  table  for  the 
leBpective  diameters. 
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T  A  B  L  E     No.    1  08. 
Maximum  Vk.ux:ities  of  Flow  in  Supply  and  Distkibiitiox  Pipa 


I>iamc!c^  in  inches.  4        6       8  .  10      12  '  14      16      18      to      3.2      24      97  '  30     3}    jb 

Velocity,  in  fu  per  «»ec. .         3  «    3  9    4-5    50    5-5    S-*,  606265    6.6    6.7*  6.9    7.0  7.1  7.1 

■         _   _    J_    J 'J  '  '_^ L_ 

496,  Coiiiparative  Frictions. — As  regards  friction 
alone  in  any  given  pipe,  it  does  not  matter  whether  the 
water  is  flowing  up  a  hill  or  down  a  hill,  or  materiallj  if 
the  pressure  is  great  or  little;  or  in  long,  conical,  and 
smootli  pii>es,  whether  the  water  is  flowing  toward  the  large 
end  or  towanl  the  small  end.  Tlie  total  friction  will  he  the 
same  in  both  dinxitions  in  the  first  case,  and  will  also  he  the 
same  in  both  dinH^tions  in  the  last  case.  In  the  conical 
j)ip<\  howeviT,  the  friction  per  unit  of  length,  or  per  lineal 
foot,  will  be  less  than  thi*  average  at  the  large  end,  because 
:he  v(»lo<-itv  of  flow  will  l)e  less  there,  and  more  than  the 
ivcnigt*  at  th(»  small  end.  The  total  frictional  h(*ad  will  be 
tlie  same  as  tli(>u<rh  th<^  whole  pij^e  had  a  uniform  diameter 
ju.-t  equal  to  tJM*  diameter  in  the  conical  pij^e  at  the  point 
whciP  tilt'  friction  is  equal  to  tlie  average  for  tlie  whole 
lenfrtli. 

H)7.  Kelativo  Itatos  of  Flow  of  Domestic  and 
yivo  Siippli<»s. — Tli(»  a(*tual  consumption  of  water  by  the 
liie  (H  |)artiuent  for  tin*  extinguishment  of  fin\s  in  any  city, 
jxT  annum,  is  v(m-v  insiirnificant  when  (*omparod  with  either 
the  doniestie,  th(»  irrigation  and  strei»t  sprinkling,  or  the 
luechanical  sui»])ly  for  tlie  sanv*  limit  of  time,  yet  it  has 
api^enred  ab()V(»  t|iat  tlie  pi|)e  cajjacitj''  n»quired  for  the  fire 
servi(*e.  in  the  ir<*nenil  main  of  a  small  citv-  exct*eds  that 
reipiired  for  tlie  whole  n^maining  consumption.  If  we 
;»\'amin(*  this  (juestion  still  closer,  taking  a  length  ot  1200 
tei^t  of  distribution  pijK*  in  a  closely  built  up  section  of  the 
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By,  we  liiid  on  the  1200  feet  leugth,  stLy  40  domestic  seirit^e 

H'S,  aud  consumptioD  of  say  750  gallons  each  per  day,  or 
[blul  of  i5000  gallons  per  day.  Making  due  allowance  for 
tty  pur  cent,  increase  of  flow  at  certain  hours,  we  have  a 
rftjuired  delivery  capacity  of  l.r>  cabie  feet  per  minute  to 
rover  this  whole  consumption.  On  the  same  1200  feet  of 
pijie  tiiere  are,  say  four  tire-hydrants.  If  in  case  of  fire  we 
take  from  tliese  hydrants  only  four  streiims  in  all,  of  30 
riibic  feet  per  minute  each,  we  requiiv  a  delivery  capacity 
of  120  cubic  feet  per  tninut«.  In  this  casts  which  is  not  an 
uncommon  one,  the  required  capacity  for  the  lire  service  is 
tf>  that  for  the  remaining  service  as  80  to  1. 

If  the  given  pipe,  1200  feet  long,  is  an  eight-inch  pipe, 
supplied  at  both  ends,  then  the  delivery  for  tire  at  each  end 
is  »ixly  cubic  feet  j)er  minute.  Referring  to  tiie  table  of 
fricfional  head,  we  find  that  this  quantity  requires  a  velocity 
of  flow  of  2.805  feet  ]>er  wcond,  and  consumed  head,  in  fric- 
tion, at  the  rate  of  4.6  feet  per  thousand  feet. 

If  the  120  cubic  feet  jier  minute  mnst  all  come  from  one 
end  of  the  pipe,  then  the  pipe  should  be  ten  inches  diam- 
eter, in  which  case  the  velocity  will  be  nearly  four  feet  per 
second  and  the  head  consumed  at  the  rat*-  of  about  eight 
feet  per  thousand  fet^t  length. 

498.  Required  Diameteri*  for  Fire  Siii>i>lie». — 
As  a  general  rule,  the  minimum  diameters  of  pipes  for  sup- 
plying given  numl>ers  of  hydrant  streams,  when  the  given 
pipea  are  one  thousand  feet  long,  and  static  head  of  water 
one  hundred  and  Hfty  feet,  are  as  follows: 
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TA  B  LE     No.     I  06. 
DiAHETERS  OF   PiPES   FOR   GiVEN    NUMBERS   OF    HoSE   SnUKi, 
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K  the  pipes  are  short,  the  velocitieB  of  flow  may  Iw 
increased  somewhat,  for  a  greater  ratio  of  loss  of  bead  pa 
unit  of  length  is  then  pennlssible. 

If  the  pipe  is  supplied  from  both  ends,  then  the  nnmbtf 
of  hose  streams  may  be  doubled  without  increase  of  Om 
frictional  head  ;  lience  the  advantage  of  so  distributing  the 
sab-mains  as  to  deliver  a  double  supply  to  as  many  points 
as  possible,  for  this  is  equivalent  to  doubling  the  capacity 
of  tlie  minor  pipes.  If  tlie  pipes  am  several  tlinusand  fed 
long,  and  liave  a  lai^  proportionate  domestic  draaght, 
then  a  due  increase  sliould  be  given  to  the  diametei-s. 

409.  Dii|>Iiciitioii  Arrangement  of  Sul>-3IaiiiH.— 
"When  tlie  sub-mains  can  bi-  distributi-d  in  i»arallel  lines,  at 
several  squan-s  disfance,  and  "gridironed"  across  by  the 
smaUer  sen-ice  mains,  as  in  the  plan.  Pig.  113,  or  aiTanged 
in  some  equivalent  manner,  then  a  most  e.\c<>llent  system 
Kill  be  secured.  In  sncli  case,  if  an  accident  hapi>ens  to  a 
pipe,  or  valve,  or  hydrant,  in  any  central  I<)cation,  then-  are 
at  least  two  lines  of  sub-minns  around  tliat  point,  and  tlie 
-upply  will  with  crrtainty  be  maintained  at  p.^ints  beyond. 

Pi]M's  an>  always  liable  to  accident  in  cons4>quence  of 
buildinir  excavations,  sewcrii^  excavations,  s<'wer  over- 
flows, (piicksand  or  cl:iy  slides,  floods,  and  vannus  othrt 
causes  that  cannot  be  foreseen  when  the  pipes  are  laid  ;  and 
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when  new  hydrants  are  to  be.  attaclicO,  or  laige  pipe  con- 
nections to  be  made,  or  repairs  to  be  nuuh^,  it  is  fi-i  qnently 
ne<r<!8sary  to  stmt  off  the  water.  The  advautagi'  (if  dupli- 
sate  lines  of  supply  to  all  points  is  apjjaR'iit  iu  such  case. 
"When  a  city  has  become  depi-ndenc  on  its  pijies  for  its 
water  supply  and  protection  from  fire,  it  is  absolutely  neces- 
sary tliat  the  supply  be  niaintjiined,  and  the  i-esult  may  be 
disastroua  if  it  fails  for  an  hour. 

500.  Htop-Viilvt'  System. — It  is  equally  advantage- 
ous to  have  a  Hufficient  number  of  stop-valvei 
as  they  are  fn^|uently 
termed,  upon  the  pipe, 
so  tile  water  may  \k  shut 
off  fi-ora  any  given  point 
without  cutting  off  the 
supply  from  bolli  a  long 
and  a  broad  territory,  or 
even  a  very  long  length 
of  i)iiH.'.  'I'Ik'  sub-main 
parallelogram  sy  stem 
shown  in  the  plan.  Fig. 
1 13,  [M-rmits  of  such  an  ar- 
rangement of  stop-valvos, 
chiefly  of  small  diameters 
and  inexpensive,  that  an 
accident  at  any  jKiint  will 
not  leave  that  point  with- 
out a  tolerable  (iif  pr"- 
tectiou  from  both  sidr.-'. 
For  instance,  if  it  in 
necessary  to  sliut  off  in  ""I*!'  =™i-v*i.vii. 

bection  2  a  part  ot  r^st 
Fuorth  Street  between  Avenues  A  and  D,  the  hydrants  at 
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the  corners  of  East  Tliiid  and  Fifth  Streets  will  still  be  araH 
able.  If  the  gates  are  placed  at  each  branch  from  the  sob 
mains,  and  at  the  intersections  of  the  sub-mains,  as  thej 
tthouid  be,  then  an  accident  to  a  snb-main  will  not  neces^ 
8itate  the  shutting  off  of  any  senrice-main  joining  it,  for  the 
.senice-niain  supplies  can  be  maintained  from  the  opposte 
ends.  Wherever  <-ross  service-mains  are  required,  as  in 
Avenues  B  and  C,  in  Section  3  in  the  plan,  they  may  pass 
under  the  other  s:*rvice-mains  whose  lines  they  cross  and 
have  gat*^  at  their  end  brandies  only,  which  admits  of  thdr 
being  readily  isolatt-d. 

501.  Stcip- Valve  Locations.— A  systematic  disposi- 
tion of  the  pipes  generally  should  be  adopted.  If  the  pipes 
are  not  plar**d  in  the  centres  of  streets,  they  should  be  placed 
with  strict  uniformitv  at  some  certain  distance  from  the 
centre  of  the  street,  and  carefully  aligned,  and  uniformly 
upon  the  same  gf»ograpliical  side,  as,  upon  the  northerly  and 
westerly  si(lt».  The  stop-valves  should  be  disposed  also, 
•vith  rigid  syst4*ni,  as,  always  in  the  line  of  the  street  boun- 
<l:irv,  the  line  of  tlie  curb,  or  some  fixed  distance  from  the 
tvntiv  of  tht^  strtH^.  An  accident  may  demand  the  prompt 
shutting  of  any  gato  of  the  whole  number,  at  any  moment 
of  day  or  night ;  and  if.  perchanco,  its  curb-cover  is  hidden 
by  frozen  eailh  or  by  snow,  it  is  important  to  know  exactly 
wlioit^  to  strike  without  first  journeying  to  the  office  and 
st'an'hiniT  f«>r  a  menionindum  of  distances  and  bearinga 
Saiviiing  for  a  gatf^over  buried  under  frozen  earth  is  a 
t<ilious  oj>enition,  and  it  is  not  always  ])Ossible  to  uncover 
i»verv  one  (»r  s^^vtM-til  nun<lred  gates  after  every  thaw  and 
evt^rv  snow-storm  in  winter. 

Strict  a<lhennice  to  a  system  in  locating  gates  enables 
new  assistants  to  readil)'  learn  and  to  know  the  exact  post 
tion  oftlKMU  all. 
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Strict  adherence  to  system  in  locating  pipes  is  ivquisit« 
for  tiie  strict  location  of  gates,  and  pipes  ehould  !)•■  cut,  if 
necessary,  to  bring  tlie  gatts  to  tlieir  exa«t  locations.  If  a 
gat--  ia  a  half-length  of  pipe  out  of  position,  it  may  co.st 
eevei-al  hours  delay  in  digging  earth  frozen  hard  as  u  sand- 
Btone  rock,  to  find  the  gate-cover. 

503.  Blow-otr,  aiHl  Waste  Valves.— When  pipes  ai-e 
located  upon  undulating  ground,  blow-off  valves  and  jiiiH-a 
will  be  required  in  the  principal  depressions  of  the  mains 
and  sub-mains,  to  Husli  out  the  sediment  that  is  deposited 
fr(>;n  unliltered  water,  Tlie  diameters  of  the  blow-off  ])i)ies 
may  be  about  ha!f  the  diameters  of  the  mains  from  wiiii-li 
they  branch.  Smaller  wastes  will  answer  for  the  drainaiie 
of  tiie  service-main  sections  for  repairs  or  connections,  and 
these  may  lead  into  sewers,  or  wherever  the  waste-water 
may  be  disposed  of. 

503.  Stop-Valve  Details. — A  variety  of  etylesof  slop, 
valves  are  now  offered  by  diffen-nt  manufacturers,  ninl  a 
spreial  advantage  is  claimed  for  each,  so  that  no  little  i  lac- 
tical  sagacity  is  required  on  the  part  of  the  engineer  to  pro- 
tect his  works  from  tlie  introduction  of  weak  and  defective 
»povelties,  that  may  prove  very  tToublesorae. 
He  must  observe  that  the  valve  castings  are  so  designL-d 
is  to  be  strong  and  rigid  in  all  parts,  that  there  are  no  thin 
spots  from  careless  centring  of  cores ;  that  flat  parts,  if  any, 
are  tliickened  up,  or  ribbed,  so  they  will  not  spring ;  that 
the  valve-disks  are  so  supported  as  not  to  spring  under 
great  pressures,  and  that  they  and  their  seats  are  faced  with 
good  qualities  of  bronze  composition  and  smoothly  scraped. 
ground,  or  planed,  and  that  fliey  will  not  stick  in  tlieir 
8eat.s  ;  that  the  valve-stems  are  jmrticularly  strong  and  stiff, 
^_with  strong  square  or  half-V  threads,  and  that  tliey  and 
HibeiT  nuts  are  of  a  tough  bronzi'  or  aluminum  composition. 
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Pio.  119,  Fm.  118l«. 

(Pigs.  114  to  119a  illustrate  the  principal  featnrea  of 
ralves  that  have  been  well  introduced. 

A  majority  of  the  good  valves  have  double  disks,  that 
are  self-adjusting  upon  their  seats,  and  their  seats  an 
slightly  divergent,  so  that  the  pressure  of  the  screw  can  set 
the  valve-disks  snug  upon  the  seats. 

The  loose  disks  should  have  but  a  slight  rocking  mort^ 
ment  between  their  guides,  and  must  not  be  permitted  tf 
chatter  when  tlie  valve  is  partially  open. 

The  blow-off  valves  may  be  solid  or  single-disk  valvc^ 
but  the  valves  in  the  distribution  must  be  tight  againi 
pressure  from  both  and  either  sides,  whether  the  differena 
of  pressure  upon  the  two  sides  be  much  or  little. 

Valves  exceeding  t«-enty  inches  diameter  are  usnatt] 
placed  upon  their  sides,  except  in  chambers,  and  the  dish 
bare  lateral  motions,  or  sometimes  the  valve-cases  are  i 
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arranged  that  the  disks  have  vertical  downward  motions. 
Otherwise  tlie  water  in  the  valve-domes  would  be  t')o  much 
exposed  to  fi-ost  in  winter,  as  it  would  rise  nearly  to  the 
ground  surface. 

504.  Valve  Curbs.— The  stop-valve  cnrbs  are  some- 
times of  chestnut  or  jjitch-pine  plank,  with  strong  castriron 
rovers,  and  sometimes  of  cast-iron,  placed  upon  a  fonnda- 
tion  of  bricks  laid  in  cement. 

The  plank  curba  are  about  eighteen  by  twenty-four 
inches  dimensionii  at  top,  flaring  downward  according  to 


the  size  of  the  ralve,  and  they  are  often  of  such  dimensions 
as  to  admit  a  man,  with  room  to  cuiible  him  conveniently  to 
renew  the  packing  about  the  valve-stem. 
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The  castriron  curbs  are  usoaUj  elliptical  in  sectioa 
The  writer  lias  used  iu  several  cities,  for  the  smaller  gaUes^ 
up  to  twelve  iuches  diaiut'ter,  circular  curbs  <F]g.  120><rf 
htton  coigni't^  with  cast-iron  necks  and  covers.  Tlie  neck  is 
six  inches  clear  diameter  at  the  road  surface,  fifteen  tc 
eighteen  inches  deep,  acc<»rding  to  the  size  of  the  valve,  and 
flares  to  the  size  of  the  cement  curb,  which  is  just  kijge 
enough  to  slip  over  the  dome-flange  of  the  valve-case.  The 
cement  curb  rests  upon  a  foundation  of  brick  or  stoDe  laid 
in  cement  mortar. 

When  these  are  paved  about  the  whole  surface  exposed 
is  only  seven  and  one-half  inches  diameter,  and  they  are 
not  as  objectionable  in  the  streets  a.s  the  larger  covers. 

All  gate-curbs  must  be  thoroughly  drained,  so  that 
water  cannot  stand  in  them,  and  freeze  in  winter. 

505.  Fire-Hydrants. — ^The  design  of  a  fire-hydrant 
that  is  a  success  in  everj'  particular  is  a  great  achievement 
It  ranks  very  iieairly  with  the  di^sign  of  a  successful  water- 
itu^ler. 

Nearly  I'very  speculative  mechanic,  it  would  S4»em,  who 
nas  had  enij>loy  in  a  inacliine-shop  for  a  time,  has  felt  it 
his  duty  to  design  the  niuoh-needtHi  successful  hydrant;  as 
S4^  many  doctors  and  lawyers  have  grappled  with,  and 
Ix^it^vtHi  for  a  time,  that  they  had  solved  the  great  meter 

Inmuiiorable  j^att^riis  of  hydrants  are  urged  upon  water 
ooiinviuios  and  fnixint^rN  and  are  accompanied  by  an 
abuiuiaiuo  v^f  o«'rr:tii'at»s  >»/:tinir  forth  their  excellence ;  and 
ituiv.N  »^t'  Om  \\\  l:avt'  ^v\  d  ]oiuts  and  will  answer  all  practi- 
oal  inu;\^>o>  iiiuil  an  emon^tiiov  comes,  when  thev  fail,  and 
:lio  o\i\  f  nu :  t  \N  i:\Js  up  with  a  loss  that  would  liave  paid 
fvM'  a  t:'.v'iisa:;vl  n.^liaM-.'  hvdrunts* 

A  \\>usidonible  pruotical  expenenoe  with  bydrants,  and 
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I  esjjert  knowledge  of  the  qualities  demanded  in  the 
aesign  and  inaU-riala  of  a  hydrant,  are  uecesaary  to  enable 
one  to  judge  at  aiglit  of  the  value  of  a  new  pattern. 

506.  P<>Ht-Hydniiits.— In  the  smaller 

towns  and  in  the  eubm-bs  of  cities,  post-  *^'»-  121. 

Jiydrants,  of  which  Fig,  121  illuHtrates  one 
pattern,  are  more  generally  preferred,  as 
they  are  more  readily  found  at  night,  and 
are  usually  least  expensive  in  firat  cost. 

Tltey  are  placed  on  tlie  edge  of  tlie 
sidewalk,  and  a  bmnch  pipe  from  the 
eervice  main    furnishes    them  with    their  jfc"  \W\ 

water.  If  the  service  main  is  of  sufficient 
capacity,  the  post^liydrant  may  have  one, 
two,  tlin^;,  or  four  nozzles.  In  cities  where 
Bteam  fire-engines  are  used,  a  large  nozzle 
is  added  for  tlie  steamer  supply,  and  if 
tlieiv  is  a  good  head  pressure,  two  nozzles 
art!  usually  supplied  for  attaching  leading 
hose. 

For  the  supply  of  two  liose  streams,  or 
a  steamer  throwing  two  or  more  streams, 
the  hydmnt  reqiures  a  six-inch  branch 
pi])e  from  the  service  main,  and  a  valve  of 
equal  capacity.  The  supply  to  jiost-hy- 
drants  has  too  often  b<^n  throttled  down, 
when  there  was  no  head  pressure  to 
span',  and  the  etfectiveness  of  the  Iiy- 
drant  very  much  reduced  thereby. 

507.  Hydrant  Delniltt.— In  New 
England  and  the  Northern  States,  a 
froxt-ciise  is  a  nccesaarv  appendage  to 
a  post-hydrant,  and  it  must  K'  fn-e  to 
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move  up  and  down  with  the  expansion  and  contraction  of 
the  eartli,  without  straining  upon  the  hydrant  basa  Ii 
clay(*y  soils,  these  frost  cases  are  often  lifted  several  inches 
in  one  winter  season,  and  if  the  post  is  not  supplied  with 
the  movable  case  in  such  instances,  it  is  liable  to  be  ton 
asundor. 

A  wasU^- valve  must  be  provided  in  every  hydrant  that 
will  with  certainty  drain  the  hydrant  of  any  and  all  water 
it  contains  as  soon  as  the  valve  is  closed,  and  the  wasta 
must  close  automatically  as  soon  as  the  valve  begins  to 
open. 

The  main  valve  must  he  positirelf/  tight ^  or  great  trouble 
will  be  exiH'rienced  with  the  hydrant  in  severe  winters.  A 
moderate?  leakage,  as  in  some  stoi)-valves,  cannot  l>e  j)er- 
mitt<Hl.  A  fn»e  drainage  must  be  provided  to  pass  away 
tlie  waste  wat4»r  from  the  hydrant,  or,  if  the  hydrant  is  fre^ 
quently  o]x^ned,  for  testing  or  use,  the  ground  will  soon  be- 
conu*  saturafe'd  and  the  hydrant  cannot  properly  drain. 

If  the  valve  clost^s  ''with"  the  pressure  tliei^e  must  he 
no  slack  motion  of  its  stem,  or  when  the  valve  is  iK^ng 
c1os(h1  and  has  nearly  Reached  its  s(»at,  the  force  of  the  cur- 
rent will  throw  it  suddenly  to  its  seat  and  cause  a  si^vere 
water-ram. 

The  scnnv  motion  of  hydrant  valves  must  be  such  that 
the  hydrant  cannot  be  suddenly  closed,  or  with  less  than 
ten  C()ni])lete  n»volutions  of  the  screw.  The  valves  should 
move  slowly  to  their  s«»ats  in  all  cases,  as,  if  several  hydrants 
hai>i>en  to  be  clos^^l  simultaneously,  the  water-ram  caused 
th(  nbv  mav  exert  a  irn^at  strain  upon  the  valves,  and  the 
shock  will  be  felt  to  some  extent  throughout  the  whole 
svsttin  of  pijM^s.  Tilt*  sudden  closing  of  a  hydrant  maj 
mnkt*  a  gausre.  attach«^l  to  the  pipes,  that  Js  more  than  a 
niih»  distant,  kick  up  fifty  or  sixty  ponndB. 
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If  u  hydraat  branch  is  taken  from  a  main-[)ipt>  or  sub- 
main,  tliere  should  hv  a  stoji-valve  between  the  main  and 
li;,dninl,  so  the  hydnint  may  be  repaired  without  shutting 
off  ihe  flow  tliraugb  the  main. 

In  1874  the  writer  madi'  some 
riii-asiirements  of  the  qnantities  of 
^vater  delivered,  under  diflerent 
lieads,  thi-ongh  Boston  Machuie 
(.'o.  Post  Ilydi-ants,  which  are  sim- 
ilar in  form  to  the  Mathews  Hy- 
drant (Fig.  121).  Tlie  volume  of 
wat<'r  was  measured  by  jMUssing  it 
tlinmgh  a  3-iiich  Union  wattT-meter, 
which  was  connected  to  each  hy- 
drant by  a  length  of  fire-tiose. 

'Hie  lenptli  of  hose  between  the 
hydrant  and  meter  in  each  and 
every  experiment  was  49  feet  10 
inches.  Tlie  boi-es  nf  the  hydrant 
nozzles  and  of  the  liose  and  meter 
couplings  were  two  and  one-quar- 
t*'r  inches  diiuneter.  Tlie  liydrant 
branches  wen?  aix  inches  in-  di- 
amet^T,  and  hydrant  barrels  four 
and  one-lialf  inches  diameter.  Tiie 
lengths  of  hose  given,  fonowiiig, 
wen'  in  all  cases  beyond  the  meter, 
and  were  atta.<-lied  to  the  meter. 

The    hydrant    was    filled    with 
water  and  jm-asure  without  flow,  taken  by  a  gauge  just 
previous  to  the  b<>ginning  of  each  test. 

The  following  ti-sts.  at  different  elevations,  covers  a  range 
o^bead  pressures  between  42  feet  and  183  feet : 
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TABLENo.  107. 

EXPKRIMBNTAL    VOLUMES    Or    HYDRANT    STREAMS. 


RjmAKKS. 


'    Dcftrar 

;      ca.6. 
lbs.      peraiMi 


A.    4S  Feet  Head. 

Open  nozile  of  meter,  2^  inch  diameter . . . , 

iinch  nozile  attached  to  meter 
"        "        on   *55fect"   lindi  ofliose! 
••        •«         ••   io8    •*    iij    •*••••    . 
Open  butt  of          io8    ••    ^    «     ••     ••    , 


18.23    i    ^-57^ 

937« 
12.55© 

12.00 

11.38J 
15.341 


B.    110  Feet  Head. 

Open  nozzle  of  mcer,  2  ftncfi' diameter 

I)  inch  nozzle  attached  lo^meter 

i|     •*         **      on  .  «3  ^i*if    incbes  of  hose, 
ij     -         -.       "    loS    -     iir     **        •*      "    . 


47.74 


O.    133.3  Feel  Head. 


Open  noule  of  meter.  2;  inch  diameter. 

li  inch  nozzle  attached  to  meter 

ij     **         -      on  55  levn  ;  -nch  of  hose.. 


59-24 


D.    1S3.18  Fee;  Head. 
I;  inch  r..»:jlc  on     55  rt-^t  i  ^    inches  o!  hose 

Oj^er.  i  u::  o:'         162    "      7        


•Q-5 


40.000 
24.666 
21.376 
20.40ft 


43-974 
24.3^ 
23  526 


27.64S 

25 -974 
24.643 

33 -671 


Friction  i^f  How  in  online ry  fire-hose  consumes  pressun* 
mpidly.  ilu'  ivdnction  Iv-in^  *lirvctly  in  proportion  to  the 
KmiCiI*.  :ii^l  :•!>*»  :*>  -li-  Mpiaiv  of  the  volume  or  velotnty  of 
\>:itcr  tl»»>viv*c.  exivit  as  the  ivuplini:^  ilisturb  these  nearly 
uuifo:!v-  ir.i  >  !i:rr.Ts.  Th^  frictit^n  in  2^  inch  ordinary  fire- 
hivs^^  w  i" ;  K  {.  •v.ihi  ai'im^ximately  by  the  following  formnhs 
c\pT>^v>i:;c  \\s>  v>f  he;ui  in  pounds,  p^  per  square  inoa. 


Kor  ^-^U'V^Ti.  nibty-r-iineii  hv^v,     p  = 


_   V  . 


41.' 


•  « 


!*) 
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PRBSSORB    LOST    BY  FRICTION    IN    FIBBHOSE.     .  BSOa 

JD  which  I  =  length  of  hose  in  feet,  g  =  gallouB  of  water 
discharged  from  the  hose  per  minnte,  and  d  the  diameter 
9f  the  hose  in  inches,  and  h  =  friction  head,  in  feet 


TABLE      No.    I  Ola. 

Pounds    Prbssuke    Lost    by   Friction  .  in   each    ioo   febt   of 

Smooth  Rubber  z^-inch  Fire-Hose,  for  given 

Discharges  of  Water  per  Minute. 


1 

Preeaure  at  Ho>e  Naizla. 

III  »°''>*:i «""•■"■ 

46.= 

^3 

40        w 
9^4     "S-S 

.s. 

.r.. 

.(■jIb 

90 

it^ 

UgiJI         diuharnd 

168 

161 

lit 
,,6 
,96 

406 

i3S 
4B0 

it* 

ii4 

mi 

lin.  1  f  GahoM.diKlurged,   . 

,■,•'. 

'"*■"    )  FfitliDO,lt«.      

,„  ■     '  (  Gallons  dEKhaiged  . 

■"'■■las.t;':^;. 

46S 

499 

174 

TABLE      No.    I  07ft. 
ANT  AND  Hose  Stream  Data.     Horizontal*  a 
Distances  or  Jets. 


P»MU»  Bt  Horn  Nosilfl. 

H™l.inll*p«K,m. 

4*. 

«". 

^\ 

so 

X, 

■84.B 

9" 

"S7.9 

IJI.O 

Gallom  discharged 

Vertical  duanceotJM..... 
HoraonQl    ,.     . 

Galloni  diKharEEid  

Veniuddiiunccnfjet..,,. 

Gallont  dl«:1urgrd      

VcnicaldL.Unc=orj«..... 
ttoriignliU     ■■      "   "  .   ,. 

Venial  disitnci  ofJcL. 

1 

"i 

i6i 

«4 

Si 

1 

i 
1 

4=« 

1.» 

1: 

)9 

146 

8* 

i! 
480 

1 

V. 

i 

'79 

1 

1 
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TABLE     No.    107«. 

CouBiNED  Rates  of  Flow  for  Fire  and  Doukctic  Skkyks 
(When  Steam  Fire  Engines  are  Used). 


'■^  iUI,l 

II 

1 

1 

llljljl 

1! 

■H'S^S  ■"  -  ■•'■  <■ 

MoofhoKitrwu        B  :    a      <>l    9 

Coi>binH    rjie   of. 

flow,      in       mil]   \,  841,895  jijl. 

Diani   ufsiri^lcnuin.     14      14  i  M      U 

4  '3  4  « 

■*l" 

■- 

1 

■3      U  !      -i 
4        4  S»    4  7i 

7-6BS,.„., 

-* 

■  3>>>t 

508.  Flush  Ilydi-iiiitM. — A  style  of  fltish  hydrant,  that 
may  be  placed  under  a  paved  or  flagged  sidewalk,  near  the 
edge,  is  ahown  in  Fig.  123.  This  style  may  have  one,  two, 
or  three  fixed  nozzles. 

Pigg.  123  and  134  illustrate  a  style  of  hydrant  with  a 
portable  head.  This  style  is  manufactured  under  the 
Lowry  patent.  It  is  designed  to  be  placed  at  the  intersec- 
tions of  mains,  in  the  street,  or  in  the  line  of  a'-.inain,  but 
niiiy  be  placed  in  the  sidewalk.  In  either  case  it  is  placod 
witliiii  an  iiKlcjicndent  curb,  ai;d  the  cast-iron  case  risc^ 
:ibinit  to  the  sinfac.  The  portable  head  is  of  brass  and 
.'(>inix>sition,  nicely  fiuished,  as  light  as  is  consistent  with 
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strengtii,  and  is  usaallj  carried  upon  the  sti^ai'acT  or  the 
hose  carriage.  It  has  any  desired  number  of  nozzles,  frcn 
one  to  eight,  each  of  which  has  its  independent  supplemen 
taiy  valve. 

In  the  centre  of  the  portable  head  is  a  revolving  key  Hoi 
operates  the  main  valve  stem. 

509,  Gate  Hydrant8.-A  variety  of  metallic  "gate' 
hydrants  have  been  introduced,  fix>m  time  to  time,  and  had 
a  brief  existence,  but  the  majority  of  them  have  been  soon 
abandoned.  The  most  minute  ])article  of  grit  upon  their 
feces  gives  trouble,  and  they  are  much  more  likely  to  stick 
than  valves  of  good  sole-leather  or  of  rubber  properly  pre- 
partMi,  and  clamped  between  metallic  plates.  Grate  hydrants 
of  good  design  and  excellent  workmanship,  should  be  fully 
successful  with  filtered  water. 

Tlie  rubber  of  valves  requires  to  be  very  skillftilly  tern- 
pered,  or  it  will  be  too  soft  or  too  hard.  It  hardens,  also, 
as  tlie  tenii)erature  of  the  water  lowers. 

510.  Ili^h  Pressures. — But  a  few  years  since  the 
maximuiu  static  strain  upon  hydrants,  in  public  water 
Buppli«»s,  did  not  exceed  that  of  a  hundred  and  fifty  feet 
head,  and  the  majority  of  the  hydrants  in  each  system  had 
not  over  one  hundred  feet  pressures  when  the  water  was  at 
n^st.  Hand  or  steam  fire-engines  were  necessities  in  such 
cas<  s,  and  the  pijx^s  were  so  small  that  often  the  engines 
had  to  i'xort  some  suctions  on  the  pipes  to  draw  their  foil 
supplies.  Xi>w  tlie  v:iliu^  of  pressure  that  will  permit  six 
or  iMirlit  trtVH'tive  stn^inis  to  be  taken  direct  from  the  hy- 
drants in  any  }>ait  of  the  system  is  more  fuUy  appreciated, 
aiul  dinvt  piunpinij:  pix^ssiin^s  equivalent  to  three  or  four 
tiundn\l  tVvt  head  are  not  uncommon.  The  effect  uix)n  the 
tiydrants  is,  however,  a  greatly  increased  strain  which  they 
must  Iv  able  to  met^t. 
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511.    Air- Valves,  — All  wakr  contauis  aome  atmos- 

leric  air.     Wlieii  water  has  passed  tlinnigli  a  puinping- 

gine  into  a  fopce-niain  under  great  pressim?,  it  absorbs 

■  of  the  air  in  tlie  air-vessel.    IT,  tlieu,  it  is  forced  along 

f  pipe  having  vertical  curves  and  suiumits  at  ditleiimt 

iDintH,  it  parts  wttli  some  of  the  air  at  those  summits.     In 

,  sufficient  air  will  accumulate  at  each  summit  to  oc- 

ppy  a  considerable  part  of  the  sectional  ai-ea  at  tliat  point, 

p.d  it  will  cuntinne  to  accumulate  until  the  velocity  of  the 

ater  is  sufficient  to  carry  tlie  air  forward  down  the  incline. 

I ,  At  such  summits  an  air-nalee  is  requin>d  to  let  off  the 

icumulated  air,    as  occasion    requii-es.     Also,  when  the 

water  is  drawn  off  from  the  pipes,  as  for  repairs  or  any 

other  purpose,  there  is  always  a  tendency  to  a  vacuum  at 

the  summits  if  no  air  is  supplied  there  ;  and  if  the  pip<;s  are 

not  thick  and  rigid,  tliey  may  collapse  in  consequence  of 

the  vacuum  strain,  or  exterior  pressure. 

When  pipes  are  being  filled,  there  sliould  always  be 
ample  escape  for  the  air  at  tlie  summits,  or  the  air  contained 
in  the  pipes  will  be  compressed  and  recoil,  again  be  still 
more  compressed  and  again  recoil  with  greater  force,  shoot- 
ing the  column  of  water  back  and  forth  in  the  pipe  with 
enormous  force,  and  straining  every  joint. 

In  the  distribution,  hydrants  are  usually  located  upon 
summits,  and  in  such  case  will  perform  the  functions  of 
air- valves. 

If  a  atop-valve  is  inserted  in  an  inclined  pipe,  and  is 
closed  during  the  filling  of  the  section  immediately  below  it, 
it  makes  practically  a  summit  at  that  point,  and  an  air< 
valve  or  vent  will  be  required  thei-e. 

An  air  and  vacuum  valve,  for  summits,  may  with  advan 
tage  be  combined  in  the  same  fixture,  the  air-valve  motion 
^l}eing  positive  in  action  for  the  purpose  of  an  air-valve, 
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Fig.  125. 


opening  against  the  pres^jire,  but  automatic  as  a  yacuii]ik> 
yalve,  opening  freely  to  the  pressure  of  the  atiiiosphere. 

Fig.  125  is  a  com- 
bined air  and  vacaiun 
valve  designed  by  the 
writer,  and  used  in  sev- 
eral cities  with  success. 
A  two-inch  air-valve 
answers  tolerably  for 
four,  six,  eight,  and 
ten  inch  pipes,  but  for 
large  pipes  a  special 
branch  with  stop-valve 
may  be  used. 

Great  care  should 
be  exercised  in  filling 
pipes  with  water,  and 
tlie  water  should  not 
be  admitted  faster 
than  the  air  can  give 
place  to  it  by  issue  al 
the  air-valves,  or  open 
hydrant  nozzles,  with- 
out reactionary  con- 
vulsions. 

512.  Union  of  Hi^h  and  Low  Services.— Many 
cities  have  liifjh  lands  ^vit^lin  their  built-up  limits  that  are 
so  iiuK^li  t^hnateMl  abovf*  the  sreneral  level  tliat  it  is  a  matter 
of  eonveiiit'iu^e  to  divide  tlie  distribution  into  ''7//<7^  "  ami 
^^lofr  tsv r/vVv  A'/'  and  to  givo  to  each  its  independent  reservoir. 
In  sneh  ease  tlie  IxMiefit  of  the  pressure  of  the  high  res^T- 
\'oir  may  Ik*  seounMl  in  the  low  system  in  case  of  alarm* 
fhv,  by  sinij)h'  oix^ning  a  valve  in  a  branch  connecting  the 
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»  systems.     A  check-valve,  Fig.  126,  will  be  required  in 

i  effluent  pipe,  or  supply  main  from  the  lower  reservoir 

i  prevent  the  flow  hack  into  the  lower  reservoir. 

A  weighted  valve,  automatic  in  action,  may  also  be 

i  in  the  branch  connecting  the  two  systems,  and  then 


in  case  of  an  accident  lo  the  supply  pipe  of  the  lower  sys- 
tem, or  a  malicious  closing  of  its  valve,  the  upper  senice 
will  maintain  the  supply  at  a  few  pounds  diminished 
pressure. 

IS  the  pumps  are  arranged  so  as  to  give  a  direct  increased 
pressure  in  the  lower  system  for  lire  purposes,  then  a  check- 
valve  in  the  branch  connecting  the  two  systems,  ojipiiing 
toward  the  high  system,  will  be  an  excellent  relief  and  pro- 
tection against  undue  pressure. 

513.  Coniliiiicil  Itfwervoir  iiiiil  Direct  Systems,— 
In  the  plan  of  a  pipe  system,  Fig.  113.  a  pipe  leads  from  tha 
pumps  direct  to  the  reser^'oir,  and  a  second  pipe  leads  direct 
from  the  pumps  into  the  distribution,  so  that  water  may  be 
sent  either  to  tiie  reseiToir  or  to  the  distribution,  at  will. 
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A  branch  pipe  connects  these  two  pipes  so  as  to  $a{f{Jj  Ai 
distribation  from  the  force  main. 

A  check-valTe  opening  towaid  the  distfibntkm  is  pisoei 
;n  this  branch.  If  a  fire-ptt'ssiire  is  pat  apon  cbe  discrObi 
tion  through  the  direct  jMpe  this  Falre  pierenis  the  iov 
back  toward  the  reaerroir,  bot  upon  the  rednctioa  of  At 
fir^pressnre  it  comes  into  action  and  wt^iiitmm^  tli^  ^vppif 
to  the  distribation  from  the  resetroir. 

For  additional  seciirit7  against  unfiiiBeeii  roiitiD£enrft?& 
another  jMpe  mar  lead  firom  the  reservoir  to  one  of  xh^  pru- 
cipal  sab-mainSy  as  shown  in  the  plan,  when  the  reiatm 
positions  of  the  reservoir  and  distribatioD  pernuts.  and  this 
pipe  may  contain  in  the  effluent  chamber  a  check-Tahe 
fire^preasore  and  a  weigfaled  lefief-valTe  to  prercot 


ando^  pressore. 

In  the  reservoir  plan.  Fig.  68  (page  333X  the  fc»re  tod 
supply  mains  are  shown  to  be  connected  by  a  pipe  pasan? 
a  >r.^  the  Si  ie  of  the  reserroir,  so  that  the  water  mav  be  !=ent 
fr.^!!!  zh^  parnps  direct  into  the  distribation.  The  supply- 
main  has  a  cbev'k-valve  in  tise  effluent  chamber  in  this  case. 

A  oi:ci*ylrr*l  reservoir  and  din^  preasore  svstenu  sub 

sc^-::AlIy  like  :ha;  c-f  Fiz.  113L  inclnding  high  and  low  ser- 

v:  -  <^  -aris  iv^Lriei  by  :&*  writer  for  one  of  the  large  New 

K  ::  a:..:  :*r>  ^  in  I'^Ti  xl*!  ifbesaune  was  constructed  with  tlw 

\  •  V'- :~  ;•:'  :br  iii^  i^errice  r^serroir,  in  the  two  following 


.M4.   >rAiHi-Pipe?s. — Srv^nral  of  the  American  cities 
-        <    •     -s  ,ir     L'fC^sz.:  ^.xn  tbeir  pumping  stations, 

'»-.  ..  >  .".:-.'>   iT*:c>  ibrir  f:*gce^main.  to  f^ualizi? 

as  in  St.  Louis,  Loais- 


'.\ 


*  .   '^.       •;    <••      >::?r'T  ct:ie*  nae  taD  opi^n-topped 

>  ^  .    -^  s  '^  i.Ts.  wtsii«  BO  pcoper  site  for  a 

^^v  ^  - \\         X  :v  .M  :> -.  i3  ai  Ckkago  and  Toledo. 

V         •      V  ;>  •••,.4.    >x:v.j«i~:ir%-^  »3^  in  use  ar^  of  the 


r 
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eingl*^  leg  claBS.  The  city  of  Sandusky,  Ohio,  has  uow 
iNov.  1876)  ill  procfBfi  of  construcliou  ji  tank  stand  pipe  of 
25  ftift  diamettr  and  208  feel  heiglil,  aun-ouiidiiig  a  delivery 
Btaudpipe  of  3  fwt  diameter  and  225  feet  litright.  'I'liis 
tank  is  being  built  up  of  rivett-d  metal  platcH,  from  desigi:,-; 
by  J,  D,  Uook,  Esq.,  chief  engineer.  In  Europe,  the  slaiid- 
pijjes  are  moiv  frequently  double-legged,  ft*itli  connections 
between  the  op  and  down  legs  at  intervals  of  height. 

The  stand-pijws  aa  generally  used,  serve  as  partial  sub- 
stitutes for  relief-valves  combined  or  acting  in  conjunction 
with  tall  and  capacious  air-chambers.  The  surface  of  the 
water  in  tlie  stand-pijies  vibrates  np  and  down  according  to 
tlie  rate  of  delivery  into  thera  from  the  pumps,  and  the  rate 
of  draught,  if  the  main  over  which  they  are  placed  is  oon- 
neclefi  with  tlie  distrihntioii.  Vid*!  (!hapt«r  XXV,  and 
table  of  slanil-pipe  data  in  the  Appendix. 

The  Bdstfln  Highlauds  Stand-piiK-  ijiagi'  161)  stand> 
niKjn  an  eminence  158  feet  above  tide,  is  of  wrought^iron, 
and  is  80  feet  high,  and  5  feet  interior  diameter.  It  is 
inclosed  in  a  masfrary  tower. 

The  Milwaukee  stand-pipe  (page  26)  riees  to  210  feet 
above  Lake  Michigan,  and  the  Toledo  stand-pipi*  (page  31) 
to  2tK)  feet  above  Mauniee  River. 

515.  Frictiumil  Heads  in  Servicr-PiiR's.— The  fol- 
lowing shows  the  frtctional  head  in  clean,  smootli  .service- 
pipes,  with  given  velocities,  for  ei'i-h  oiie-h  nmJii'dfi'H  l^nyth. 
Tlie  numbers  of  the  first  column  ai-e  the  given  velocities 
in  feet  per  second.  Tlie  second  column  gives  the  head, 
which  is  necessary  to  generate  the  given  velocities  opposite. 
In  the  first  column,  under  each  of  the  given  diameters 
from  \  inch  to  4  inches,  is  the  volume  of  flow,  at  its  givi  n 
velocity ;  in  the  next  column  the  corresponding  ooeffirient 
of  friction;  and  in  the  ue.^  column  the  frictional  head  per 
each  one  hundred  feet  length  at  its  given  velocity. 
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CHAPTER    XXIII. 

CLARIFICATION   OF   WATER. 

516.  Rarity  of  Clear  Waters.— A  small  but  favored 
minority  of  the  American  cities  have  the  good  fortvme  to 
find  an  abundant  supply  of  water  for  their  domestic  pIl^ 
poses,  within  their  reach,  that  remains  in  a  desirable  eUts 
of  transparency  and  limpiditj'. 

The  origin  and  character  of  the  impurities  that  i 
almost  universally  found  in  suspension  in  large  bodies  of 
water,  have  been  already  discussed  in  the  chapters  devoted 
to  "Impurities  of  Water"  (Chap.  VIII),  and  to  "SnpjiIiM 
from  Lakes  and  Rivers  "  (Chap.  IX)  ;  so  there  remains  now 
for  investigation  only  the  methods  of  separating  the  forugt 
matters  before  pointed  out. 

517.  Floating  Debris. — The  running  rivers,  that  a 
subject  to  floodg,  bring  down  all  manner  of  floating  debria^ 
from  the  fine  meadow  grasses  to  huge  treotrunks,  and 
buildings  entire.  These  are  all  visible  matters,  that  remtuK 
upon  the  surface  of  the  water,  and  tlieir  separation  is 
accomplished  by  the  most  simple  mechanical  devices. 

Coarse  and  fine  racks  of  iron,  and  fine  screens  of  woven 
copper  wire  are  effectual  intercepters  of  such  matters  and 
prevent  their  pubance  into  artificial  water  conduits. 

518.  Minenil  Kediments. — Next  among  the  visibla 
sedimenta  may  be  classed  the  gravelly  pebbles,  sand,  disin- 
tegrated rock,  and  loam,  that  the  eddy  motions  continually 
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Up  from  the  channel  bottom,  and  the  current  bears 
Rirward, 

These  are  not  intercepted  by  ordinary  screens,  but  are 
most  easily  separated  from  the  water  by  allowing  them 
quickly  to  deposit  themaelves,  in  obedience  to  the  law  of 
gravitatictn,  in  a  basin  where  the  waters  can  remain  quietly 
at  rest  for  a  time. 

AVhen  the  water  is  received  into  lai^  storage  reservoirs, 
it  is  soon  relieved  of  tliese  heavy  sedimentary  matters,  by 
deposition  ;  and  a  season  of  quietiide,  even  though  but  a  few 
hours  in  duration,  is  a  valuable  preparation  for  succeedinff 
stages  of  clariiication. 

Next  are  more  subtle  mineral  impurities,  consisting  of 
the  most  minute  particles  of  sand  and  finely  comminuted 
clay,  whicli  consume  a  fortnight  or  more,  while  the  water  is 
at  rest  in  a  confining  basin,  in  their  leisurely  meanderings 
toward  the  bed  of  the  basin. 

If  these  mineiul  grains  are  to  be  removed  by  subsidence 
for  a  public  water  supply,  the  subsidence  basin  must 
usually  be  large  enough  to  hold  a  two-weeks  sujiply,  and 
must  be  narrow  and  deep,  so  the  winds  wDl  stir  up  but  a 
coniiKinitively  thin  surface  stratum,  and  also  so  the  exposed 
water  will  not  be  heated  unduly  in  midsummer. 

513.  Organic  Sediments.^Next  are  the  organic 
fnigmeuts,  inchuling  the  disintegrating  Bee<l9,  leaves,  and 
stalks  of  plants,  the  legs  and  trunks  of  insects  and  Crusta- 
cea, and  the  macerated  mill  refuse,  and  also  various  algts. 

All  these  have  so  nearly  the  same  specific  gravity  as  the 
water,  that  they  remain  in  suspension  until  decomposition 
lias  removed  so  much  of  their  volatile  natures  that  the 
mineral  residues  can  finally  gravitate  to  the  bottom. 

If  these  are  to  be  removed  by  subsidence,  the  basin  must 
hold  one  full  month  supply,  at  least,  and  be  so  formed 


and  protected  as  to  ueither  generate  or  receive  other  im- 
puritiee. 

In  iidditiun,  lire  the  thmngn  ot  living  <-rKii,iire!i  tbi 
people  the  ponds  and  strpHm^.  and  tlitrir  sjiawna  mcl 
spores.  TheHe,  durin;;  theii"  nctive  existfnre,  eannot  1- 
removed  by  subsidence,  without  coagulation,  and  repn- 
diictinn  will,  in  part,  balance  their  destruction. 

530.  Orgiiuic  Solutions.— Still  more  etibtle  than  all 
tUe  above  Impurities,  that  n-main  in  svspmslon,  are  Xh 
dissolved  oi^nic  mattera  that  the  water  takes  into  goMm 
These  include  the  dissolved  remains  of  animate  crealuti--, 
dissolved  fertilizers,  and  dissolved  sewage. 

All  the  former  may  be  treated  meclianically  with  It-i'-r 
able  success,  but  the  latter  pass  through  the  tineet  filttn 
and  yield  only  to  chemical  transformationa 

621.  Natiinil  ProcesKCH  of  Claiiflciitlon.— Matnn*'? 
process  for  removing  all  these  Impurities,  to  fit  the  watei 
for  the  use  of  animals,  ia  to  pass  tliem  through  the  poreflof 
the  soil  and  fissures  of  the  rocks.  The  soil  at  once  removes 
the  matters  in  suspension,  and  they  become  food  for  tip 
plants  that  grow  ui)on  trio  soil,  and  are  by  the  plants  reiJi,n 
verted  into  their  original  elements,  llie  mineials  of  ihe 
soil  reconvert  tlie  organic  matters  in  solution  into  tAha 
combinations  and  separate  them  from  the  water. 

5'Z2.  Cbeniical  Processc-s  of  Clarificatioiu— Aiti- 
ficial  chemical  processes,  more  or  less  snccesefol  in  tlieil 
action,  have  been  employed  from  the  remotest  ages  to  sep- 
arate quickly  the  fine  earthy  matters  from  the  watt-re 
nmning  streams.     The  dwellers  on  the  banks  of  stpeai 
who  had  no  other  water  snpply,  treated  them,  each 
tliemst'lves,  and  in  like  manner  have  others  treated  the 
waters  which  they  caught  upon  then  roofs,  when  they  hi 
DO  ottier  domestic  supplies. 


Many  wnturit's  ago  the  EgyptiaoH  and  Indians  liad  dis- 
»vpr(>d  that  certain  bitter  vegetable  substances  which  grew 
Dund  tlieni  weiv  capable  of  hastening  the  clarifiiuitinii  of 

}  waters  of  tlie  Nile,  Wangea,  Indus,  and  other  sediment- 

r  streams  of  tlieir  countries. 

The  Canadians  have  long  been  accusUtmed  to  puiify 
Ijn-water  by  introducing  powdeii'd  alum  and  borax,  in 

;  proiwrtiims  of  3  ounces  of  each  to  one  barrel  (31^  gals.) 
(  wuti^r;  and  ulum  is  used  by  dwellers  on  tlie  banks  of 

■  mnddy  Mississippi  to  inecipitate  its  clay.     /Vxago  ob- 

rved  also  tiio  prompt  action  of  alum  njwn  the  muddy 

:er  of  tlie  Seine.    One  part  nf  a  solution  of  alum  in  fifty 

oitsaiid  purtti  of  water  I'esnlts  in  the  pi-oduetion  of  a  floc- 

Hent  precipitate,    which   carrii-s  down    the    clayey  and 

anic  matters  in  suspension,  leaiing  tlie  water  perfectly 


)r.  Gunning  demonstratt'd  by  many  experiments  that 
If  impure  waters  of  tJie  river  Maas,  near  Rotterdam,  could 
B  fully  clarified  and  nendered  lit  for  the  domestic  supply 
of  the  city,  by  the  introduction  of  .032  gramme  of  per- 
el  Joride  of  iron  into  one  liter  of  the  water.  The  watei-s  of 
the  Maas  are  very  turbid  and  contain  large  proportions  of 
organic  matter,  and  they  often  produce  in  those  visitors  who 
are  not  accustomed  to  their  use,  dtarrhoBas,  with  other  un- 
pleasiint  symptoms. 

Dr.  Bischoff,  Jr.,  patented  in  England,  in  1871.  a  pi-oc<?s3 
of  removing  organic  matter  from  water  by  using  a  filt*'r  of 
■spongy  iran,  pn'pared  by  heating  hydrated  oxid^  of  iron 
witli  carbon.  The  water  is  said  to  Ix"  quite  percep'ihly 
impregnated  with  iron  by  this  process,  and  a  copious  ]ii-'' 
oipitate  of  the  hydrated  oxide  of  iron  to  be  afterwards 
separiited. 
;  ..  Horsley's  patient  pi-ocess  for  the  purilication  of  water 
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covers  the  use  of  oxalate  of  potassa,  and  Clark's  the  q 
caustic  lime. 

Mr.  Spencer  has  used  in  England  with  great  8tiecesR,ii 
connection  witb  sand  filtration,  the  crushed  gr^ns  or  acv- 
bide  of  iron,  prepared  bv  roasting  red  hematite  ore,  mixed 
with  an  equal  part  of  i^wdust.  in  an  iron  retort.  This  bi 
mixes  with  one  of  the  lower  sand  strata  of  a  sand  filter,  ud 
ita  office  is  to  decompose  the  organic  matters  in  solution  ii 
the  water.  TIi*"  carbide  ia  said  to  perform  its  office  tkt- 
oughly  sereral  years  in  succession  withont  renewal.  Mt 
Spencer's  process  may  be  applied  on  a  scale  commensorati 
with  the  wants  of  the  largest  cities,  and  has  been  adopted; 
in  several  of  the  cities  of  Great  Britain. 

Dr.  Mtxllock  vms  requested  by  the  Water  Company  ot 
Ams[erdniii  lo  examine  the  water  gathered  by  them  &ob 
the  Dunts  near  Ilaarlem,  for  deliver*'  in  the  city.  Tl» 
water  had  a  peculiar  '*  fish-like''  odor,  and  afler  standing 
awhile^  deposited  a  ivddisli-biown  sediment. 

Under  the  microscope,  the  deiMtsit  was  seen  lo  c 
the  filaments  of  decarinir  algff,  including  numerous  micr*^ 
«*opii-  phiiils.  i>f  various  'nies,  Ironi  green,  through  pklV 
jellow,  OTang>e,  red,  brown,  darfc-browD,  to  black. 

The  Dortor  fonnd  the  open  water  cliannels  lined  with  I 
Inxuriant  growth  of  aquatic  pbints.  and  the  clianncl-hef 
covered  uritli  a  deposit  of  black  decaying  vegetal  mattA 
He  di^^netvd  also  that  the  reddish-brown  sediment  WM 
deposited  in  greatest  abiindanct>  about  the  iron  sluici>-)nt<*. 
Copfwr.  platinam,  and  lead,  in  finely-divided  states,  weni 
known  by  him  to  havv  the  power  of  coaverting  ammonil 
into  nitrous  acid,  and  he  was  led  to  sospert  that  iron  po* 
8e6£>ed  the  suite  power.  Bxperimenlt-  with  iron  in  varioo^ 
Btiilt<s,  auJ  fimdly  with  sbeet-iroo.  deouMi'itmted  that  sIii|H 
of  iraa  piac«d  in  «»ter  coutainin;:  ammonia,  or  oreaail 
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r  capable  of  yielding  it,  acted  almost  as  enei^etically 
a  pulverized  metal.  The  organic  matters  of  the  Thames 
water  in  London,  and  the  Rivingtoii  Pike  water  in  Liver- 
pool, as  well  .as  tlie  Dune  water  in  Amstei-dam,  were  found 
to  be  completely  decomposed  or  thrown  down  by  contai-t 
with  iron,  and  the  iron  acted  effectually  when  introducifd 
into  the  water  in  strips  of  the  sheet  metal  or  in  coils  of  wii-e. 
Tliis  simple  and  easy  use  of  li-on  may  be  employed  in  sub- 
sidence basins  or  reservoirs  on  the  lai^gest  scale  for  towns, 
as  well  as  on  a  smaller  scale  for  a  single  family. 

The  results  of  these  experiments  with  iron  were  consid- 
ered of  such  great  hygieaio  and  national  importance  by  I>r. 
Sheridan  Muspratt  that  he  has  put  an  extended  account  of 
them  on  record.* 

533.  Ohiireoa)  Process.— The  cliarcoal  plate  filters 
prepared  under  the  jwitent  of  Jfessrs,  P.  H.  Atkins  &  Co., 
of  London,  have  not  been  introduced  here  as  yet,  so  far  as 
the  writer  is  iuformed. 

Tlie  valuable  chemical  and  meclianical  properties  of 
animal  cliare(»al  for  the  purification  of  water  have  long  been 
recognized,  and  it  was  the  practice  in  the  construction  of  tlie 
early  Englisli  filter-beds,  as  prepared  by  Mr.  Thora,  to  mix 
powdered  charcoal  with  the  fine  sand. 

If  there  is  either  lime  or  iron  in  the  water,  as  there  is  in 
most  waters,  the  chemical  action  results  in  the  formation  of 
an  insoluble  precipitate  upon  the  grains  of  cliarcoal,  when 
they  become  of  no  more  value  than  sand,  and  tlieir  action 
is  thenceforth  ouly  mechanical.  Messrs.  Atkins  &  Co.  have 
devifsed  a  method  of  overcoming  this  ditficulty,  in  part  at 
least,  by  forming  the  cliart^oal  into  platt's,  usually  one  foot 
square  and  three  inches  thick,  and  so  firm  that  Ib'ir  coated 
Borfaces  can  be  scraped  clean.    These  plates  may  W  set  in 
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*  Miispraitfs  CliemiBlry,  p,  106.5,  Voi  II- 


fnmetv  Fu:.  I^.  ^>  Vazuif  of^Uss  are  ?et  id  a  sash,  and  Uu 
««ti^  1^  raadf  to  Bow  ThinnEb  Uiein.  They  are  compooDd- 
ed  ^rrttb-i-  -'  '    ■"''     ■   -Li ;  the  dense  plab«  fa 

thjoaiv  fiwi    ■  -■  gallons  per  diem,  tha 

juKVus  S.>  !■  -  -n-  porons  250  Ui  aOO 

jBiIloas  |vf  tUroi.  urttarA  cliikLii  Tlte  wuter  mar  Im-  fint 
l«k^'<d  thnM^  sand,  fcf  Ok  ivmova)  of  the  greater  part  at 

IV  nw  of  vhaivoal  im»  b-rf^'-fon^  been  confioed  almost. 
rttlirelT  to  tbe  bbntatntr.  5*^  fsr  xs  relates  to  th«*  panfkai 
tK<«  K'4  vmlkY.  and  aauaal  rhan-nol  has  been  fnaixl  vetf. 
mMTJi  !«ai)vn><r  to  wod  aaJ  r>>9!  mdb^  Its  sncrefs  hai 
HwKmbttxilr  Kv«  d«e  l—ylT  to  its.  iaJi  rmittiHit  ujv  and 
(Wt]i»<r«t  dvtuuMC?  aad  af>portainlis  tar  nxidatinn.  lit 
}«v«<Kvr  ot  t^emicai  a*  lira  apoa  onEaaie  matti^  is  vfrf\ 
\\VtWk\^    ivdwvd,  a*l    il    ■«<  br  ofte*  deaoed    to   bl 
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effectual.  Some  very  interesdiig  and  valuable  PXperimentB 
to  U'Ht  tliL'  jiiiriticarion  powei-s  of  chareoal  upon  i'oiil  waUsrsj 
were  described  to  the  inemlxTS  of  tlie  Institution  of  Civil 
Engineers,  by  Edward  Byrne,  lu  May,  18(i7. 

5'i-i.  Iiifiltratioii.— If  any  water  intended  for  a  dO' 
mestie  sui>ply  is  found  to  be  charged  witli  organic  matter 
V'  solitdoii,  ttie  very  best  plan  of  treatment^  relating  to  that 
water,  is  to  let  it  alone,  and  take  the  n*qinred  supply  from 
a  puriT  source. 

The  inijmritieR  in  suspension  in  water  may  best  be 
ti-eated  on  Nature's  plan,  by  whieli  slie  provides  us  witli  the 
Kparkling  lim]iid  waters  of  the  f^itrings  that  bubble  at  the 
bases  of  the  liills  and  ft-om  the  fissures  in  the  rocks, 

5ai>.  Inliltration  nartinH.— In  the  most  simple  natural 
plan  of  clarification,  a  well,  or  baain,  or  gallery,  is  excavated 
in  the  porous  margin  of  a  lake  or  stream,  down  to  a  level 
below  the  water  surface,  where  the  water  supply  will  be 
maintained  by  infiltration. 

All  those  streams  that  havi.'  their  snurcea  in  the  mount- 
ains, and  that  flow  through  the  drift  fonnation,  transport  in 
flood  lai^p  qnanfities  of  coarse  sand  and  the  lesser  gravel 
pebbles.  These  are  deposited  in  beds  in  the  ronvex  sides 
of  the  river  bends,  and  tlie  finer  sands  ai-e  spn-ad  upon  them 
as  the  floods  subside.  From  thi'se  b(^s  may  be  oVitained 
supplies  of  watt^r  of  remarkable  clearness  and  transparency. 
The  volume  of  wat^-r  to  be  obtained  from  such  sources 
depends,  first,  iijion  the  porosity  of  the  sand  or  gravel  be- 
tween the  well,  liasin,  or  gallery,  and  the  main  bod\'  of 
water  the  distance  of  percolation  required,  the  infiltration 
area  of  the  well  or  gallery,  and  the  head  of  water  under 
which  th.^  infiltration  is  maintained. 

A  eon f-idf Table  number  of  American  towns  and  oitit's 
Vave  alre.i.ly  adopted  the  infiltration  system  of  clarifkatioo 
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of  their  pul3ljc  water  supplies,  and  although  it  is  cot  oof 
that  can  be  universally  applied,  it  should  and  will  mvi 
with  favor  wherever  the  local  circumstances  invite  its  b# 
Attention  has  not  as  yet  become  fairly  attracted  in  Ameria 
to  the  benefits  and  the  necessities  of  hltraUon  of  domestir 
water  supplies,  and  many  of  the  young  cities  have  b(«i 
obliged  to  make  au  herculean  efifort  to  secure  a  public  water 
supply,  having  even  the  requisite  of  abundance,  and  tliey 
have  been  obliged  to  defer  to  days  of  greatei  Snuiici&t 
strength  the  additional  requisite  of  clarification.  A  knowl- 
edge of  the  processes  of  clarification,  wliich  are  simple  for 
most  waters,  is  being  gradually  diffused,  and  this  is  a  san- 
precursor  of  the  more  general  acceptance  of  its  benefits. 

In  some  of  the  small  western  and  middle  State  towns, 
the  infiltration  basins  have  heretofore  taken  the  form  of  ouf 
or  more  circular  wells,  each  of  as  large  magnitude  as  can 
be  economically  roofed  over,  or  of  nant>w  open  basins.  In 
the  eastern  States  the  form  has  usnally  been  that  of  a  cov- 
ered gallery  along  the  margin  of  the  stream  or  lake,  or  of  a 
broad  open  basin.  Some  of  these  basins  arc  intended  qniti* 
as  much  to  intercept  the  flow  of  water  from  the  land  sid'* 
toward  the  river  as  to  draw  their  snjiplies  from  the  river, 
and  the  prevailing  tenq)eratuTes  and  cliemical  aiuily»(«of 
the  waters,  as  compared  with  the  temperatures  and  analyepft 
of  t!ie  river  waters,  give  evidence  tliat  their  supplii-s  are  in 
part  from  the  land. 

A  thorough  examination  of  the  substrata,  on  the  site  of 
nnd  in  the  vicinity  of  the  pro]>osed  infiltration  basin,  down 
Id  a  level  eight  or  ten  feet  l>elow  tlie  Imttoin  of  the  basin, 
ivill  jH'rmit  an  intelligent  opinion  to  be  formed  of  it-i  jHM^-ola- 
tion  capacity, 

526.  ExHinpIeK  of  Infiltnition.— Pig.  130  illusinil-t 
a  section  of  the  infiltration  gallery  at  Lowell.  Mass,     Thia 
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gaUeiy  is  a  short  distance  above  tlie  city  and  above  the 
dam  of  the  Locks  and  Canal  Co.  in  the  Merrimae  River, 
that  supplies  some  1(J,000  horse-power  to  the  mr,:iut'acturera 
of  the  «ity.  The  gallery  is  on  the  northerly  shore  of  the 
Btreani,  parallel  with  it,  and  lies  about  one  hundred  feet 
firom  the  sliore. 

Its  length  is  1300  feet,  width  8  feet,  aud  clear  inside 
height,  8  feet.  Its  floor  is  eight  feet  below  tlie  level  of  the 
crest  of  the  dam.  The  side  walls  have  an  average  thickness 
of  two  and  three-fourths  feet,  and  a  height  of  five  feet,  and 
are  constructed  of  heavy  rubble  masonry,  laid  water-tight 
in  hydraulic  mortar. 


■  tiiick,  and  is  laid  watt;r-tight  in  cement  mortar. 

Along  the  bottom,  at  distances  of  ten  feet  betwei'.. 
centres,  stone  braces  one  foot  square  and  eight  feet  lonj^, 
are  placed  transversely  between  the  side  walls  to  resist  the 
terior  thrust  of  the  oarth  and  the  hydrostatic  pressure. 


^•dcterior 
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The  bottom  is  covered  with  coarse  screened  gravel,  oup  taii 
thick,  up  to  tlie  level  of  the  top  of  the  brace  stones. 

The  Merrimac  River  is  tolerably  clear  of  viable  imptu* 
ties  (luring  a  lai'ge  ptntiou  of  tlic  .yt-ar,  but  diirint;  Ijigb- 
water  carries  a  large  quantity  of  clay  and  of  a  t>iliciuus  sand 
of  very  mi  tint**,  niicixjsi'Ojnc  grains. 

An  inlet  piiK*,  thirty  inclies  in  diameter,  connects  tin 
lower  end  of  the  gallery  diiii^tly  with  the  river,  for  use  a 
emergencies,  and  to  supplement  tJie  supply  tem|>orarily  at 
low-water  in  the  river,  when  it  is  ustially  clear.  At  theter 
minal  chamber  of  the  gaib-iy-  int^i  which  the  inlet  pipe  lead^ 
and  Iroiri  which  the  conduit  leads  toward  the  pumps,  aw 
the  requisite  regulating  gates  and  screens. 

This  galierj-  was  couii)leted  in  1871,  and  during  the 
drouglit  and  hiw  water  of  the  summer  of  1873.  a  test  devil- 
oped  the  continuous  infiltration  capacity  of  the  gallerj-  to 
be  one  and  one-half  million  gallons  per  twenty-four  hours, 
or  about  one  hundred  and  fifty  gallons  for  each  square  foot 
of  bottom  area  iier  twenty-four  hours. 

At  Lawrence,  Mass.,  is  a  similar  infiltration  gallery  along 
the  eastern  shore  of  the  Meri-imac  River,  from  which  tlia 
city's  sTipjily  is  at  present  drawn. 

Till-  infiltration  gallery  for  the  supply  of  the  town  of 
Brookline,  Mass..  completed  in  1874.  lies  near  the  raarg;in 
of  the  Charles  River.  The  Ix^tt^mi  is  six  feet  below  thfl 
lowest  stage  of  water  in  the  rivi-r.  it'*  bn-adth  between  walls 
four  feet,  and  length  seven  hundii'd  ami  sixty-twn  feet.  The 
side  walls  are  two  feet  high,  laid  without  monar.  and  the 
covering  arch  is  semicircular,  two  coui-ses  thick,  and  tight 

During  a  pum]i  test  of  tliirly-si.v  h()urs  duration,  lliia 
gallery  supplied  water  at  a  rate  of  one  and  one-lialf  railliun 

■  A  «niBi(lpmblB  pi'n-enl»p>  of  the  (low  into  tliU  and  Bome  oiher  infiltntkia 
Imsina  is  jmip-d,  fmm  i"t|KTJiiii-iilJil  U'ni*.  nniilvsHc,  and  u^mperaturm.  to  k« 
liiti-r<«liled  ■■gmuild  wr.ti-r"  tluil  wna  H  )\Vln-i  t  nvard  the  river.  ' 
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^ntUons  in  twenty-fonr  hours,  or  four  hundred  and  uinet}' 
"gallons  per  square  foot  of  bottom  area  per  twentyibui 
hours.  Tlie  ordinary  draught  up  to  the  present  writing  in 
about  one-third  tliis  rate. 

The  pioneer  American  infiltration  basins  were  consti-uctcd 
for  the  city  of  Newark,  N.  J.,  under  tb(>  direction  of  Mr. 
Geo.  H.  Bailey,  ciiief  engineer  of  the  Newark  water-works. 
These  basins  are  somewhat  more  than  a  mUe  above  tlie 
city,  on  t!ie  bank  of  the  Passaic  River.  There  are  two 
basins,  each  350  feet  long  and  150  feet  wide,  distant  about 
200  feet  ffoin  the  rivc-r.  Tlioy  are  revetted  with  excellent 
vertical- faced  stone  walls,  and  everything  pertaining  to 
them  is  substantial  and  neat.  An  inlet  pipe  connects  them 
with  the  river  for  use  as  exigencies  may  require. 

At  \\'altliani,  Mass.  a  basin  was  excavated  from  the 
margin  of  the  Charles  Eiver  back  to  some  distance,  and 
then  a  bank  of  gravel  constructed  between  it  and  the  river, 
intended  to  act  as  a  filter. 

The  excavation  developed  a  considerable  number  of 
springs  that  flowed  up  through  the  bottom  of  the  basin, 
and  these  are  supposed  to  furnish  a  large  share  of  the 
water  supply. 

At  Providence,  two  basins  liave  been  excavated,  one  on 
each  side  of  the  Pawtuxet  River.  These  are  near  the  mar- 
gin of  the  River,  and  are  partitioned  from  the  floods  by 
artificial  gravelly  levees. 

At  Hamilton  and  Toronto,  in  Canada,  basins  have  been 
excavated  on  the  border  of  Lake  Ontario.  The  Hamilton 
basin  has,  at  the  leve!  of  low-water  In  the  lake,  a  water  area 
of  little  more  than  one  acre. 

At  Toronto,  the  infiltration  basin  lies  along  the  bordei 
of  on  island  in  the  lake,  nearly  opposite  to  the  city.  It  is 
excavated  to  a  depth  of  tliirteen  and  one-half  feet  below 
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low-water  in  tlie  lake,  has  an  average  bottom  width  of  SS^ 
feet,  side  slo2>eB  2  to  1,  and  length,  iDcludlng  au  annof 
390  feet,  of  3090  feet.  This  basin  is  distant  aboat  160  lert 
from  tlie  lake. 

The  top  of  tlie  draught  conduit,  which  is  four  feet  diam- 
eter, is  placed  at  six  and  oue-half  fer-t  below  low-water,  or 
the  zero  datum  of  the  lake  ;  and  the  wattT  area  in  the  basiii, 
if  drawn  so  low  as  the  top  of  the  conduit,  will  then  be  3.75 
acres,  and  when  full  to  zero  line  is  5.64  acres,  the  average 
surEace  width  being  then  eighty  feet. 

During  a  six  days  test  this  basin  supplied  abont  four 
and  one  quarter  million  impi^rial  gallons  per  twenty-foai 
hours  under  au  average  head  of  live  feet  from  the  lake,  or 
at  the  rate  of  fifty-two  imperial  gallons  per  square  foot  of 
bottom  area  per  twenty-four  hours. 

At  Bingliamton,  N.  Y.,  two  wells  of  thirty  feet  diameta 
each,  were  excavated  about  150  feet  from  tlie  mai^n  of  the 
Susquehanna  River,  one  on  each  side  of  the  pumivhciise. 
These  wells  are  roofed  in. 

At  Schenectady  there  is  a  small  gallery  along  the  margin 
of  the  Mohawk  River. 

Columbus  opened  her  works  with  a  basin  on  the  hank 
of  the  Scioto,  and  has  .since  added  a  basin  with  a  procees 
of  sand  filtration. 

Other  towns  and  cities  have  formed  their  infiltratioa 
basins  according  to  their  peculiar  local  circumstaucj^s. 

These  basins  generally  clarify  the  water  in  a  most  sati*- 
liifitory  manner,  and  accomplish  all  that  can  be  expected 
of  a  mechanical  process,  but  tlioy  Iiave  not  always  deliveivd 
the  expected  volumes  of  water;  but  perhaps  too  much  ia 
sometimes  anticipated  through  ignorance  of  the  true  naton 
of  the  soil  and  false  estimate  of  "ground  water"  flow, 

537.  Practical  ronHideratioiis.— The  experit-nire  with 
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the  American  and  European  innitratioD  basins  shows  that 
when  judiciousiy  located  tliey  should  supply  from  150  to 
"200  U.  S.  gallons  per  square  foot  of  bottom  area  in  each 
;wenty-four  hours  continuously.  Tliis  requires  a  rate  of 
motion  tljrough  the  gallery  inflow  surface,  of  from  twenty 
?/>  twenty-five  lineal  feet  per  twenty-four  hoiu-s. 

This  inflow  is  dependent  largely  upon  tlie  area  of  sIwtk 
rarface  through  which  the  water  tends  toward  the  basin, 
tnd  tile  cleanliness  and poronsiuss  of  that  surface. 

We  have  not  here  the  aid  of  Nature's  surface  process,  in 
fvhich  the  intercepted  sediment  is  decomposed  by  plant 
action,  and  the  pores  thrown  open  by  frost  expansions,  but 
are  dependent  upon  floods  and  littoral  currents  to  clean  off 
the  sediment  separated  from  the  intiltering  water.  If  the 
infiltering  surface  is  not  so  cleaned  iieriodically  by  currents, 
It  becomes  clogged  with  the  si'diment,  and  its  capability  of 
passing  water  is  greatly  reduced. 

A  uniform  sized  grain  of  sand  or  gravel  offers  greater 
jjercolating  facilities  tliau  mixed  coarse  and  line  grains. 
Tiie  proportion  of  interstices  in  uniform  grains  is  from  thirty 
to  thirty-three  per  cent,  of  the  bulk,  and  the  larger  the  grains 
the  larger  the  interstices  and  the  more  free  the  flow.  On 
the  other  liand,  tlie  smaller  tlie  grains,  or  the  more  the  ad- 
mixture of  smaller  with  predominating  grains,  the  smaller 
the  interstices,  and  the  less  the  flow,  but  the  more  thorough 
the  clarification  and  the  sooner  the  pores  are  silted  with 
Bediment. 

If  there  is  much  fine  material  mixed  with  tlie  gravel, 
water  will  percolate  very  slowly,  and  a  larger  pi-opoi-tional 
infiltration  area  will  be  required  to  deliver  a  ^ven  volume 
of  water. 

It  will  be  remembered  that  we  found  gravel  (|  351)  with 
^Ane  admixtures  of  graded  fine  materials  to  make  the  very 


544  i-lakikk:ation  of  w 


best  embankment  to  rt>tain  water,  even  under  (iily  or  mon 
feet  bead. 

Tlie  best  baiLk  in  wliioh  tc>  locate  an  iniiltratioii  ba^io  i^ 
one  which  is  made  up  of  uuiforui  siJicious  sand  grains  i>( 
about  the  size  used  for  liydraulic  niortar,  and  which  has  > 
thin  covering  of  liner  grains  next  the  body  of  water  to  \x 
liltored.  The  silting  will  in  Burh  case  be  chiefly  in  the  sur- 
face layer,  and  the  cleaning  by  flood  current  then  be  nn)« 
effectual. 

Tlie  distance  of  the  basin  from  tlie  body  of  wat*^r  is  gut- 
emed  by  the  iiature  of  the  materials,  being  givater  in  coar^i 
gravel  than  in  sand.  It  shoidd  be  only  just  Pufficienlui 
insiire  thorough  clarificatiou  vrlien  the  surface  is  cleaiuitit 
A  greater  distance  necessitates  a  greater  expense  for  grvaiet 
basiu  area  to  accomplish  a  given  duty,  and  a  lesser  distann' 
will  not  always  give  thorough  clarification. 

The  distance  should  be  graduated  in  a  varying  Ktrulniu, 
e(.  that  the  work  pt!r  unit  of  an'Ji  shall  be  as  uniform  lu 
liossible. 

538.  Examples  of  Eiu-opean  Iiittltratlnn. — Afr.  3a.\ 
P.  Kirkwood,  C.E.,  in  Ids  i-cport*  to  tiie  Boan!  of  \V'at«T 
Commissioners  of  St.  Louis,  by  whom  iie  was  commissionHi 
to  examine  the  filtering  processes  practised  in  Europi-,  us 
applied  to  public  water  supplies,  has  given  most  accurate 
and  valuable  information,  which  those  who  are  iuterest^d  in 
the  subject  of  filtration  will  do  well  to  consult. 

From  Mr.  Kirkwood's  elaborate  rejiort  we  have  con- 
densed some  data  relating  to  Enropsin  inliltration  gallerim 
Perth,  in  Scotland,  has  a  covered  gallery  locutii)  in  an 
island  in  the  River  Tay.  Its  inside  width  is  4  feet,  heiglil 
8  feet,  and  lengtli  300  feet.  Its  floor  is  2i  feet  below  low 
water  surface  in  the  river.     Its  capacity  is  200,(MX)  gallooA 

•  fllmtion  of  Rivet  Waters,  Vac  Nostraud,  New  Yoik,  ISW.  ' 
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r  diem,  and  rate  of  infiltration  per  square  foot  of  bottom 
,  183  gallons  per  diem. 

Angers,  in  France,  has  a  covered  gallery  located  in  an 
island  in  the  River  Loire.  TiiiagiiUery  has  two  angles  of 
Blight  deflection,  dividing  it  into  tiu-ee  sections.  The  two 
end  sections  are  S'~4"  wide  and  the  centre  section  6'-0''  wide. 
The  floors  of  the  two  end  sections  are  7^  below  low-water  in 
tlie  river,  and  of  the  central  section  9^  feet  below.  Tlie 
combined  lengtii  of  these  galleries  is  288  feet,  and  their  dt.'- 
livery  187  gallons  per  diem  per  square  foot  of  bottom  area. 

These  were  conatrncted  in  1856,  and  rest  on  a  clayey 
substratum  ;  consequently  tho  greater  part  of  their  inflow 
mn&t  be  through  the  open  side  walls. 

More  recently,  these  have  been  reinforced  by  a  new 
gajlery,  witli  its  floor  5^  feet  below  low-water  surface  in  the 
river,  and  not  extending  down  to  the  clay  stratum.  This  ia 
5  feet  wide  and  8  feet  high,  and  delivers  300  gallons  ])er 
diem  per  square  foot  of  bottom  area. 

Lyons,  in  Prance,  has  two  covered  galleries  along  the 
banks  of  the  Rhone,  the  first  16-6"  wide  and  394  feet  long. 
The  second  is  'S3  feet  wide,  except  at  a  shoit  Si'ction  in  the 
centre,  where  it  is  narrowed  to  8  fecet,  and  is  328  feet  long. 
There  are  also  two  rectangular  covered  basins.  The  com- 
bined bottom  areas  of  the  two  galleries  is  17,200  square 
feet,  and  of  the  two  basins  4",fl06  square  feet.  The  total 
deliver^'  at  the  lowest  stage  of  the  river  is  nearly  six  mil- 
lion gallons  per  diem,  or  IOC  gallons  per  square  foot  of 
bottom  area.  The  capacity  of  the  iJiHoot  gallery  atone  is, 
however,  147  gallons  per  squai-e  foot  of  bottom  iirca,  -\  bout 
6^  feet  liead  is  required  for  the  delivery  of  the  maximum 
quantity.  The  average  distance  of  t)ie  galleries  from  the 
river  is  about  80  feet,  and  the  two  basins  are  behind  one  of 
the  galleries. 
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At  Toulouse,    Prance,  three  4xnrered  galleries 
along  the  bank  of  the  Ctaroauu.    The  first  two,  after  Iriiu; 
•valliij,  were  tilled  with  email  stones. 

The  new  gail-i-ry  has  its  side-walls  laid  in  morlar,  is  t«i 
ered  with  a  eeraicirrular  arch,  is  7-6    wide,  8-S '  high,  ud 

1180  foet  long.  Its  floor  is  S"-? '  below  low-water  suriaw  in 
the  rirer.  Its  total  ca|)acity  is  a  little  m  excess  of  3^  ndk- 
lion  gallons,  or  328  liallons  per  diem,  per  squate  foot 
bottom  an-a. 

For  the  sopi»ly  of  G<>noa,  in  Italy,  which  lies  npm  111 
Mediterranean,  a  gallen'  has  been  construoti-d,  in  a  raili 
of  a  Dortheni  slope  uf  the  Maritime  Alpe.  at  an  altitude  ol 

1181  feet  above  the  sea.  This  gallerj-  exteovls  in  jniti 
beneath  the  bed  of  the  Hirer  Scrivia,  tmnsretsel  j  from  ad» 
to  side^  and  in  part  along  the  banks  of  the  stream.  Tbf 
width  is  5  feet,  height  7  to  8  feet,  and  length  1780  feet. 

The  extraordinarily  large  delirery,  per  lineal  fool,  ii 
(UI2  gallons  p«'r  diem. 

^The  waters  are  conveyed  down  to  Oeooa  in  cast^ns 
pipef,  with  reliering-tanks  at  intervals. 

S'iO.  Example  of  Intercepting  WelL — ^The  gneit 
well  in  Prosjieft  Parlv,  Brooklyn,  L.  L,  isa  uolable  instane* 
of  intercepting  basin,  saeh  as  is  sometjim-s  adopted  to  inWr- 
re])t  the  flow  of  the  land  waters  toward  a  great  vafle^.  <v 
tlie  sea,  or  to  gather  the  raiiifalt  upon  a  great  area  of  soitily 
plain. 

This  jwrtion  of  Long  Island  is  a  vast  bed  of  sand,  wUici 
receives  into  its  interstices  a  large  pereeutagi;  of  the  niinf: 
The  rain-water  then  ]»Tcolates  throogh  the  sand  in  sternly 
tli>w  toward  the  iicean.  Althongli  the  surfacn!  of  the  lfti4 
tiAS  considerable  undulation,  the  sabterranean  saturation 
ftMind  to  take  neariy  a  tnie  plane  of  inclination  toward  tl 
Kw,  and  this  inclination  is  fooiid  by  meosnivinents  1^ 
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^HsmerouB  wella  to  be  at  the  rate  of  about  one  foot  in  770  ft,., 
^^B-seren  feet  per  mile.  So  il'  a  well  is  to  be  dag  at  one-half 
^^Hle  from  the  ocean  beacli,  water  is  expected  to  be  found 
^K  a  level  about  three  and  one-half  feet  above  mean  tide  ; 
^^V,  if  ont-  mile  from  tlie  beach,  at  seven  feet  above  mean 
^Hfle.  what4;ver  may  be  the  elevation  of  the  land  snri'aco. 
^Bin  such  subsoils  a  well  la  excavated,  and  a  great  dmught 
^Hr  water  is  pumped,  tlie  surface  of  saturation  will  take  its 
^^pcliiiation  toward  tlie  well,  and  Ihe  anm  of  the  watershed 
^Kt  the  well  will  exU'iid  as  the  wat*'r  surface  in  the  well  is 
^^Bwen'd.  If  tlie  well  liaa  its  water  siirfaci?  lowered  Bo  as  to 
^^uaw  toward  it  say  a  share  equal  to  twenty-four  inches  of 
^■bf  annual  rainfall  on  a  circle  around  it  of  one-quarter  mile 
^Hkdins,  then  its  yield  should  bi-  at  the  rate  of  very  nearly 
on:'-haIf  million  gallons  of  water  daily. 

Tlie  Prospect  Park  well,  Fig.  131  (p.  102),  is  60  ft.  in  diam- 
eter. A  brick  sttH'u  or  curb  of  this  diamefcT,  re-sting  upou 
and  bnlt/>d  to  a  timber  shoe,  edged  with  iron,  was  sunk  by 
excavating  within  and  beneath  it,  (ifty-nine  feet  to  the  sat- 
uration plane,  and  then  a  like  curb  of  tliirtj-live  feet  diam- 
eter was  sunk  ti>  a  further  dejitli  often  feet  Tlie  top  of  the 
inner  curb  was  finished  at  the  line  of  water  surface.  A 
platform  was  tluiii  constructed  a  few  feet  above  the  water 
surface,  within  the  large  curb,  to  i-ecelve  the  pumping 
engine.  TIk^  boilerB  were  placed  in  an  finiate  boiler-house 
near  the  well. 

On  test  trial,  the  well  was  found  to  yield,  after  the  water 
surface  in  the  well  had  been  drawn  down  four  and  one-half 
feet,  at  the  rate  of  850.000  gallons  per  twenty-four  hours. 

BSO.  niter-berts. — A  method  of  filtration,  more  arli 
ficial  than  those  above  describ*^,  must  in  many  cases  be 
resorted  to  for  the  clarification  of  public  water  supplies. 

LITie  most  simple  of  the  methods  that  has  had  thorough 
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trial,  roTisists  in  ]ias?insr  the  water  downward,  in  an  arti- 
ficial Ktsin  sppciallv  constrncted  for  the  pnrpose.  throuKh 
layers  of  fine  sand,  coarse  sand,  fine  pravel.  coarse  gravel, 
and  broken  stone,  to  coUectinft  drains  placed  beneath  ttie 
whole,  KiiT.  132. 
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The  basins  in  such  casfis  are  usually  from  100  to  200 
let  wide,  and  from  200  to  300  feet  long,  each.  Each  basin 
i  made  quite  wafer-tight,  the  horizontal  bottom  or  floor 
;  puddled,  if  necessary,  and  aometimes  also  covered 
Hth  a  paving  of  concrete,  or  layer  of  bricks  in  cement 
ortar.  Tlie  sides  are  revetted  with  masonry,  or  have 
lbp?s  paved  with  substantial  stone  in  mortar,  or  with 
jbncrete. 

A  main  drain  extends  longitudinally  through  the  centre 
'  the  basin,  rests  upon  the  floor,  and  is  abont  two  feet 
tide  and  three  feet  high.  From  the  main  drain,  on  each 
^ide,  at  right-angles,  and  at  distances  of  about  six  feet 
between  centres,  brancli  the  small  diuins.  These  are  six  or 
eight  inches  in  diameter,  of  porous,  or,  more  generally,  per- 
forated clay  tiles,  resting  upon  the  bottom  or  floor,  and  they 
extend  from  tlie  central  drain  to  the  side  walls,  where  they 
have  vertical,  open-topped,  ventilating,  or  air-escape  pipes, 
rising  to  the  top  of  the  side  walls. 

These  pipes  and  the  central  drain  form  an  arterial  sys- 
tem by  which  wat^^r  may  be  gathered  uniformly  fit>m  the 
whole  area  of  the  basin. 

Tliis  arterial  system  is  then  covered,  in  horizontal  layers, 
according  to  the  suitable  materials  available,  substantially 
as  follows,  viz.:  two  feet  of  broken  stone,  like  "road 
metal ;"  one  foot  of  shingle  or  coarso-screent^  gravel ;  one 
foot  of  pea-sized  screened  gravel ;  one  foot  of  coarse  sand ; 
and  a  top  covering  of  one  and  nne-lialf  to  three  feet  of  fine 
;  jnd,  of  .013  inch,  or  ..'!3  millimeter  grains. 

This  combination  is  termed  a  fiUer-bed,  and  over  it  ifl 
flowed  the  water  to  be  clarified. 

Provision  is  made  for  flowing  on  the  water  so  as  not  tr 
disturb  the  tine  sand  surface.  This  Inflow  duct  ia  often 
arranged  in  the  form  of  a  tight  channel  on  the  top  of  the 
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covering  of  the  central  gathering  drain,  and  the  watei  Swi 
over  its  aide  walls,  during  the  regidar  feeding  of  the  filin, 
lo  rijrht  untl  left,  with  slow  motion. 

The  deptli  of  water  maintained  upon  the  filter-bed  u 
Soar  feet  or  more,  according  to  exposure  and  climatic  eflcda 
Qpon  it. 

At  the  outflow  end  of  the  central  gatlicring  drain  is  u 
effluent  chamber,  with  a  regulating  gate  over  which  ilir 
filtered  water  flows  into  the  conduit  leading  to  tlie  rli4r- 
wattT  basin.  The  water  in  the  effluent  chamber  in  com 
with  the  water  upon  the  filter-bed  through  the  drains 
interstices  of  the  bed  ;  consequently,  if  there  is  no  drai 
its  suriace  has  tbe  same  level  as  tliat  upon  the  bed,  hut 
tkere  is  draught,  the  surface  in  tlie  chamber  is  lowest  Si 
the  diflewnce  of  level  is  tbe  head  under  which  water  Qam 
through  tlie  filter-bed  to  the  effluent  chamber. 

The  regiUating  gale  in  tbe  effluent  chamber  controls  the 
outflow  there  to  the  clarified  water  basin,  and  consequejilljf 
the  head  under  which  filtiatinn  takes  place,  and  the  niv  ot 
flow  through  the  filter-bed. 

531.  SettUug  and  Clear-water  Basina^Wlien  the 
water  is  received  from  a  river  subject  to  the  roil  of  6oodK.  It 
should  be  received  first  into  a  sf&Img  basin,  where  it  wiD 
be  at  rest  fortr-eight  hoois  or  murv,  so  that  as  moch 
possible  of  the  sediment  may  be  separated  bv  the  gravity 
pnxess,  before  allnded  to.  Its  rest  in  large  storage  ba^u 
prepares  it  very  fully  for  introducrioo  to  the  filter-lxxl, 
which  is  to  complete  the  st-parotion  of  the  microcrorae 
plants,  n'getaW*'  fibivs.  aixi  animate  organisms,  tliat  rao- 
not  b*'  »*i«8rated  by  precipitation. 

Since  tlie  domestic  coosumptioo  of  the  water  at  * 
uourn  of  tbo  day  is  Dearly  or  quite  double  the  arernge  ( 
WimiHiou  per  diem,  the  clarified  water  basn  shonM 
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large  enough  to  supply  the  irregular  dmught  and  i>ermit 
the  flow  through  the  filter  to  he  unitbriu. 

This  system  of  clarification  in  pfifectioa  includes  tlii-et 
livisions,  viz.  :  the  Settling  Basin,  the  F^ilter-bed,  and  tlie 
Clear-water  Basin. 

TJie  settling  and  clear-water  basins  may  be  constructtd 
according  to  tlie  methods  and  principles  already  discussed 
for  distributing  i-eservoirs  (Chap.  XVIj.  The  capacity  of 
each  should  he  sufficient  to  hold  not  less  tlian  two  days 
supply,  and  the  depth  of  water  should  be  not  less  than 
tfn  feet,  so  that  tlie  water  may  not  be  raised  to  too  higli 
a  temperature  in  summer,  and  that  its  temperature  may 
be  raised  somewhat  in  winter  before  it  enters  the  distribu- 
tion-pipes. 

532.  Ditrocluction  of  Filter-bed  SyHteni. — Pongh 
kpepsie,  on  the  Hudson,  was  the  first  American  city  t<i 
adopt  the  JlUer-bcd  system  of  clarification  of  her  public 
water-supply. 

The  Poughkeepsie  works  were  constructed  in  1871,  to 
take  water  from  the  Hudson  River.  During  the  spring 
floods,  the  river  is  quite  turbid.  These  filtering  works  con- 
sist of  a  small  settling  basin  and  two  filter-beds,  each  73J  ft. 
wide  and  200  ft.  long,     t^cb  bed  is  composed  of 


I 


34  inches  of  fine  sand. 

6        "  "     J-inch  gravel. 

6        "  "     j-inch  gravel. 

6       "  "     l.inch  broken  stone 

24        "  "4  10  8-inch  spalls, 

66         ■'  total. 


The  floors  on  which  the  beds  rest  are  of  concrete,  twelve 
inches  thick. 

The  clear-water  basin  is  38  by  88  feet  in  plan,  and  17  ft 
deep. 
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Water  is  lifted  from  the  river  to  the  settling  hMB  by  i 
pump,  and  it  flows  from  the  clear-water  basin  to  tbt*^«pQim 
chamlier  of  the  main  pump,  giving  some  hack  |4v««p> 
Prom  thence  it  is  pnmped  to  the  distriboting  reserrcir. 

Sinc^  the  issue  of  early  editions  of  this  book,  thr  >;;i;^ 
Boanl  of  Health  of  Massachusetts  has  perfcMined  trx^rrl- 
ments  in  sand  filtration  of  inestimable  value,  under  di>r. 
tion  of  Iliram  F.  Mills.  C  £.,  a  member,  and  ba:«  p^ublis^ 
lesulrs  obtain»*tl  by  its  careful  and  precise  methods.  7L?se 
rejiorts  contain  valuable  suggestions  relating  to  the  o.c- 
l^osition  of  filters,  and  methods  and  rates  of  th^-ir  «>(rsv 
lion,  and  their  succe^sses  in  the  removal  of  bacterium. 

Hudson  and  Poughkeepciie  have  ineresii^ed  thtrir  bee*; 
Lawrence  and  Nantucket,  Mass..  Dion  and  Mount  VenK«n, 
N.  Y.,  and  Granil  Forks.  X.  D-.  haveconstracted  newbftis; 
and  ?*-vt-ral  Euir^f^ean  cities  have  built  new,  or  extended 
their  sand>bed  filtei^  with  marked  impiovement  of  heihh 
and  rediictions  of  d^^th  rate  among  their  ]x>puJatiQiis. 

WhrMi  our  American  water  coosumers  ai^  more  familitf 
with  this  Slv-r-bed  system  of  clarification,  now  in  such  c«i- 
ei^nl  Ti5ir  in  Ejiii^and  aiMi  Soc«llaDd  and  on  the  Continent,  its 
115^  wi'i  !•••  t^Y<:-5)er  dt^nanded.  Subadeoce,  as  we  have 
K-foTv-  r^ni&rkt'd.  d*>*s  t?c«  o^mpfcfely  dari^  the  waier, 
t-v.-r.  :r.  5  ::*rrLirr-f  s  cc  iLiv^r  weeks'  nn>e,  but  a  gocd  sand 
'^';:t  T.  :f  T'  •:  ..T-rir  :.Tit>d.  iin«t^j«t5  ik<  c«i]y  tl>e  visible  fedi- 
ryr.:  fi:*\  f.rr     I^t.  'mii  tiir  iDi>5C  minute  vt-cetable  fibivs 

fTCwn  of  fei.  and  it  is  hiiAlv  iiD- 
•~j5  "rtr  siTiaiai^  l»ef»~re  the  ivateri^ 


-»^» 


« 

,V^*^.  i  ^iv>^:i>  of  Filter-BrdK. — ErperitTice  indicates 
:'  "'«    '  •:.-•  •::*    :,  ITr-'T-'Sed.  such  as  we  have  above 

\  -5      >*\   >'»  v.v;  7.  .-  ^v»^  i>rt»  Ttteof  14  fort  lineal  per 
f  v-^r.,  ,v  X  -^.v.  .J.—.-,  'r^  sTrrnurocxhesuidlaT'ertolests  than 
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^B.iU  feet  per  diem.  It  must  not  be  so  rapid  as  to  suck  the 
^Mand  grains  or  clay  particles  or  thi?  intercepted  fibres 
through  the  bed,  or  its  whole  purpose  will  be  entirely 
defeated. 

A  rate  of  about  one-half  foot  per  hour,  or  twelve  liueal 
feet  i)er  diem,  when  the  filter  is  tolerably  clean,  is  generally 
considered  the  best.  This  gives  the  filter-bed  a  capacity  of 
twelve  cubic  feet,  or  80,76  gallons,  jjer  square  foot  of  sur- 
face per  twenty-four  hours,  and  requires,  in  work,  about 
]2,0CX>  square  feet  of  filtering  surface  for  each  million  gal- 
lons of  water  to  be  filtered  per  diem. 

534.  CleaiiinK  "f  Fllter-BedM.— Tlie  filter-beds  upon 
thp  English  streams  require  cleaning  about  once  a  week, 
wlien  the  rivers  are  in  tlieir  most  turbid  condition,  and 
ordinarily  onoe  in  three  or  four  weeks. 

The  process  of  cleaning  ronsists  of  removing  a  slice 
of  about  one-half  inch  thickness  from  the  surface  of  the 
fine  aand,  more  or  less  according  to  the  grain  of  the  sand 
and  nature  of  both  the  sediment  and  water.  Slicing  is 
repeated  until  renewal  of  the  sand  is  necessary.  This 
reqiiio's  the  water  to  be  drawn  off  from  the  bt^d  to  be  cleaned, 
and  of  course  puts  the  portion  of  filter  area  being  cleaned 
out  of  service.  According  to  the  usual  practice,  the  water  is 
drawn  down  only  about  a  foot  below  the  sand  surface  fbr 
the  cleaning ;  but  there  is  a  great  advantage,  though  an  in- 
convenience, in  drawing  the  water  entirely  out  of  the  bed, 
for  this  admits  the  air  to  oxidize  the  oi^anic  matters  that 
are  drawn  into  the  filter,  whicli  is  of  great  importance. 

To  provide  for  cleaning,  the  required  area  for  service 
should  be  divided  into  two  or  more  independent  beds,  and 
tlien  one  additional  bed  should  be  provided  also,  so  that 
tJiere  shall  always  be  one  bed  surplus  that  may  be  put  out 
of  use  for  cleaning. 
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The  greater  tlie  number  of  equal  divisions  thekssviD 
be  the  sorplua  area  to  be  provided,  and  on  tbe  other  biftl, 
each  division  adds  sumetluog  to  the  cctst,  so  that  both  cno 
veoience  and  fiuaiii»!  are  factors  coutroUiog  the  deagnu 
well  as  the  form  and  extent  of  lauds  available. 

As  a  sogge^ion  merely,  it  is  remarked  that  the  diviaon 
may  be  approximately  as  follows,  for  given  volnmee^de- 
pendent  on  the  tnrbidness  of  water  and  local  circnmstaaoea 

TABLE     No.    109. 
DiiiE<isioNS  or  Filtcr-Beds  for  Giveh  Voldmm^ 
For    I    million  gallons  per  diem,  3  bedt    60  feet  x  loofecL 


f 


533.  Renewal  of  Saiid  Suribee.— When  the  repeated 

[tarings  from  the  surface  have  reduced  the  top  fine-suid 
layer  to  about  twelve  inches  thickness,  a  uew  coat  should 
be  put  on  n-storing  it  to  its  original  thickness. 

If  good  fine  sand  isdifficult  of  procurement,  the  p«iriBjis 
may  perhaps  be  washed  for  replacing  with  ectmomical 
resulL 

This  is  sometimes  accomplished  by  letting  water  flow 
over  the  Band  in  an  inclined  trough  of  plaok.  having  cleats 
across  it  to  intercept  the  sand,  or  by  letting  water  How  up 
tliroiigh  it  in  a  wood  or  iron  tank.  In  the  latter  case  watei 
is  admitted  nnder  pressure  through  the  bottom  of  the  tank. 
and  the  sand  rests  upon  a  grating  covered  with  a  fine  win- 
cloth,  placed  a  short  distance  above  the  bottom  of  the  tank 
Tlw  cnrwnt  is  allowed  to  flow  up  through  the  sand  and  otci 
the  top  of  the  tank  until  it  runs  clear. 


BASiX    COVElil.\"UB.  665 

'  636.  Basin  Coverings. — The  British  and  Continental 
ter-bsdg  are  rarely  roofed  in.,  although  the  practice  is 
almost  universal  of  vaulting  over  the  distributing  reservoirs 
tliat  are  near  tlie  towns. 

The  intensity  of  our  summer  heat  and  intensity  of  winter 
cold  in  otir  northern  and  eastern  States,  makes  the  rooting 
in  of  our  filter-beds  almost  a  necessity,  though  we  are  not 
aware  tliat  this  has  been  done  as  yet  in  any  instance. 

The  use  of  the  shallow  depth  of  four  feet  of  water,  so 
common  in  the  English  filters,  would  be  most  fatal  to  ojien 
filters  here,  for  the  water  would  frequently  be  raised  in 
summer  to  temperatures  above  80°  Fall,  and  sent  into  the 
pipes  altogether  too  warm,  witli  scarce  any  beneficial 
change  before  it  reached  the  consumer.  Such  tempera- 
tures induce  also  a  prolific  growth  of  algw  upon  the  sides 
of  the  basin,  and  upon  the  sand  surface  when  it  has  become 
partially  clogged,  and  soon  pi-oduce  a  vegetable  scum  u]x)n 
ttie  water  surface  also.  As  these  vegetations  are  mpidly 
reproduced  and  are  shortrlived,  their  gases  of  decomposi- 
tion permeate  the  whole  flow,  and  render  the  water  ob- 
noxious. 

Depth  of  water  and  protection  from  the  direct  heating 
action  of  the  sun  are  the  remedies  and  preventives  for 
such  troubles.  A  free  circulation  of  air  and  light  must, 
however,  be  provided,  and  also  the  most  convenient  facili- 
des  for  the  cleansing  and  renewal  of  the  bed. 

In  Pig.  132  is  presented  a  suggestion  for  a  roof-covoiing 
ihat  will  give  the  necessary  protection  from  son  and  frost,  and 
the  requisite  light,  ventilation,  and  convenience  of  access. 

The  side  walls  are  here  proposed  to  be  of  brick,  and  the 
truss  supporting  the  roof  to  be  of  tlie  suspended  trapezoidal 
class.  The  confined  air  i»  the  hollow  walls,  and  the  saw 
d:iat  or  tan  layer  over  the  trass,  are  the  non-conductors  that 
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assist  in  niaintaimiig  an  even  temi)eTatare  within  the 
and  resist  the  effects  of  intense  heat  and  intense  coUL 

The  Parisian  reservoirs  at  Menllmontant,  and  the  qiki- 
did  new  stmctnre  at  Montrooge,  are  covered  with  a  sygten 
of  vanlting,  after  the  manner  practised  by  ihe  Romans^  aal 
this  system  is  also  followed  by  the  British  eng;ineer8  in  their 
basin  covers. 

A  substantial  cover  over  a  filter  basin  wiD  rednoe  tiie 
difficulties  with  ice  to  a  minimum,  and  remove  the  risk  of 
the  bed  being  frozen  while  the  water  is  drawn  off  for  clean- 
ing in  winter.  In  such  case,  if  the  water  is  drawn  imme- 
diately from  a  deep  natural  lake«  or  a  large  impounding 
reservoir,  the  only  ice  formation  wiU  be  a  mere  skimming 
over  of  the  sur&ce  in  the  severest  weather,  and  the  inflow 
of  water,  at  a  temjierature  slightly  above  freezing,  will  tend 
constantly  to  [reserve  the  sui&oe  of  the  water  oncongealed, 
and  the  sand  free  from  anchor  ioe. 

5;UWr.  Merhaiili*al  Filters.— The  promising  rpsulte 
seounxi  by  the  livalment  of  wat^^r  with  iron  mentioned  in 
article  o2i  led  to  further  experim^^nt^  with  other  methods  of 
bringing  water  in  contact  with  scraps  of  iron.  For  instance, 
\Vill\am  AxKier^^o.  C  E^  d  ^vised  a  levolviag  cylinder  with 
inflv^vr  and  outflt^w  pij*^  It^ading  through  its  trunnions,  the 
ov'ir.i  »r<  havirtc  a  diax'-ier  'Viuarting  abi^ut  five  diameters 
ot'  :V;0  :n:?o^  ;  h*:^  Sm:>Il  s^^nip^s  of  irc^n.  siicli  a<  the 
1  ",r;  .r,r>  x't"  S^'iitr  K:i:'>w  ••r  ir^>ii  bonnes,  fill  about  one- 
>'  \  V  » :^ ■  T:  T  of  ;"r.e  o V  .:->ivr.  Tne  cylinder  i<  n^volved  by 
V .  .   .    ':  I  *.:  V*  ^  *  -    *^  -  — ^'  3  ''^  ^^f  water  thn>U5:h  the  cylin- 

• ."  -is^  V,    A  mrrent  of  air  is  usuallv  blown 
>f  i^-arer.  The  mechanical  action 


-\    :    T      -*^-:  AT55  ?^rain«>fLii  frooi  the  successivelv 
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In  apparatus  accotuplisliing  similar  nie<:hanical  results, 

i  continual  motions  and  frictions  of  the  iriiii  particles  pre- 

ut  tendencies  to  caking  as  when  the  iron  is  mixed  in 

ind,  and  the  frictions  constantly  detach  minute  particlcR 

f  the  iron  surfaces  keeping  tliem  bright  and  facilitating 

lemical  action  upon  the  impurities  in  the  water.     If  tlie 

Bter  contains  dissolving  oi'gitnic  matters,  their  rarbonic 

kids  dissolve  minute  portions  of  the  metal  and  form  fer- 

3  carbonate,  a  protosalt  of  iron,  which  on  contact  with 

B  oxygen  of  the  inflowing  cnrrent  of  air  is  converted  into 

e  insoluble  form  of  ferric  hydroxide.  A  coagulation  results 

mong  the  particles  of  organic  matter  suspended  in  the 

water,  by  their  encasement  in  part  with  the  ferric  oxide, 

and  entanglement  together,  until  a  flocculent  precipitate  is 

formed  which  has  not  only  increased  specific  gravity  and 

tendency  to  settle,  but  is  so  assembled  into  groups  as  to  be 

well  adapted  to  the  usual  straining  process  of  a  sand  filter. 

Suspended  clays  and  micro-organisms  in  the  water  are 

also  similarly  caught  in  the  flocculence,  and  are  thus  more 

readily  precipitJited  or  separated  by  filtration. 

The  flocculence  produced  is  similar  to  that  heretofore 
observe*!  when  alum  or  the  jjer-chlorides  of  itoh,  aluminum, 
magnesium  and  calcium  liare  been  introduced  in  solutions 
into  similar  waters, 

Intimat*'  contacts  of  iron  scraps  with  the  water  may  be 
made  by  causing  the  water  to  flow  upwaixl  through  a  series 
of  screens  on  which  are  placed  several  iuclies  depth  of  iron 
puncliings.  The  flow  would  be  at  a  rate  that  would  keep 
the  iron  in  a  motion  rea-imbling  ebulition  in  the  water,  and 
the  powerwould  be  obtaitieil  from  the  main  pumping-engine 
through  a  slight  increase  of  pressun*  in  the  force  main. 

Preliminary  treatments  of  .water  by  contact  with  iron 
Bcraps  or  by  introdurtions  of  proper  solutions  of  metallic 
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salts  not  011I7  causes  the  water  to  more  rapidly  precipiuti; 
its  impurities  in  subsidence  basins  but  also  reduces  ma- 
terially the  area  of  sand  filter  required  to  clarify  it.  Such 
preliminiiry  treatments  facilitate  the  action  of  mechanic^ 
filters. 

The  shells  of  the  mechanical  filters  are  osoally  cylinden 
of  iron  adapted  to  receive  internal  pressures.  They  hare 
inflow  and  outflow  pipes  and  contain  beds  of  sand  throngli 
which  the  water  flows  for  clarification.  They  are  usually 
cleaned  by  sending  a  powerful  reversed  current  of  clean 
water  thn)ugh  the  sand,  the  sand  being  stirred  at  the  time 
mechanically  oi-  by  the  force  of  the  water.  The  duty  of 
these  filters  is  simply  to  strain  the  water  by  arresting  the 
mechanical  impurities  held  in  suspension,  whether  or  not 
ooagnlated.  The  usual  velocity  of  flow  through  mechaii' 
ical  filters  imlirates  the  severe  work  given  them,  Tbe 
eataloguea  of  several  makers  state  the  capacity  of  a  ten 
foot  diameter  vertical  filter,  having  74,5S  square  f eet  (< 
filter  surface,  as  3tJO,oOO  gallons,  or  48,128  cubic  feet  of 
\v:iter  filtered  per  '2i  hours.  This  volume  requires  a  net 
velocity  of  flow  through  the  sand  of  35..'>  feet  jjer  hoiu.  of 
i''\-2  feet  ]«T  day.  This  nite  is  nttout  fifty  tiiuen  as  fast  aa 
is  foimd  wife  iu  sjind  bed  filtei-s,  and  is  only  liltuined  by 
the  use  <tf  coarse  Baud  or  qiiarti!  fragments  of  about  the 
Mze  of  common  granulated  sugar  grains.  Preliniiuarj 
eoagulations  by  alnm  or  perchlorides  of  metals  given  to 
watei-s  I'ontaiuing  djiys  or  oi^anic  matters,  aid  theroanc 
fuind  ill  stopping  the  ilocciilatefl  peiiiments  in  the  w«ter, 
iind  water  apparently  i-lear  is  the  result  ofxen  attained. 
Dangerous  water  thus  nipidly  tivated  fhrnugh  coarse  nandi- 
I  hould  be  daily  examinwl  for  bacteria,  lest  the  germs  flow 
IT  grow  through  in  large  numbers. 
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536b.  Results  with  Sand  Filters. — The  processes 

Hcieeninn;,  siibsidatimi,  and  filtration  niiiat  not  bo  con- 
founded. The  tilt+T  should  do  no  woi-k  thjit  ran  be  done  by 
the  much  cheaper  mechanical  racks  and  screens.  The  tilter 
should  be  i-elieved  of  all  the  work  that  can  be  done  by  subsi- 
dation,  withont  chemical  precipitation  if  practicable,  or 
with  the  aid  of  modentt^  quantities  of  some  simple  precipi- 
t-auts  such  aa  alum  or  the  perchloride  of  iron.  The  most  im- 
portant work  of  the  tilter  may  lie  considered  a«  a  delicate 
refining  pro(;ess,  stopping  the  disintegrating  organic  frag- 
ments that  cloud  the  tiiinsparent^y  of  the  water,  detaining 
the  active  micro-organisms,  stich  an  may  be  discovered 
battling  by  hundreds  in  a  teaspoonful  of  pond  water, 
iind  almost  entirely  stmining  out  the  bacterial  micro- 
organisms, stmietimes  discovered  by  thousands  in  a  cubic 
mtimeter  {approxiuiaifly  one  lesiwpoonfulj  of  water,  and 
;mie  of  which  may  lie  the  drended  disease- bearing  germs. 
When  the  sand  bed  filter  has  been  properly  constructed, 
then,  as  it  is  first  filled,  or  whenever  it  is  subsequently 
filled,  it  is  advisable  that  its  saturation  be  from  the  bot- 
tom, upward,  and  at  a  slow  rate,  that  will  not  disturb  its 
sand  layers.  The  perfection  of  its  working  is  largely 
dependent  on  the  imif orniity  of  texture  of  the  whole  sand 
bed,  wliich  insures  a  uniform  rate  of  filtration  through  all 
jiarts  of  the  bed.  An  increa-sed  rate  of  flow  at  one  point 
tends  to  a  cutting  of  the  sand  bed  at  that  point  and  to 
defective  filtration  there.  Overworking  the  filter  by  too 
rapid  filtmtiou  induces  rutting  at  points  and  may  tliiia 
defeat  in  jiart  the  object  of  filtiation. 

A  rate  of  filti-ation  of  one  million  gallons  per  day  equals 
a  rate  of  133,fiS2  cubic  feet  per  day.  A  net  velocity  of  fiow 
of  S,()7  feet  per  24  hours  requires  one  acre  area  per  million, 
and  a  net  velocity  of  1^  feet  per  day  requires  a  Uttle  more 
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than  one-quarter  acre  surface  in  action  for  each  million 
gallotis  per  day.  Other  rates  of  flow,  acres  required,  and 
fUtrations  i)er  acre  are  as  follows : 


TABLE     No.     109a. 


Rates  of  Filtration  through  Sand  Beds. 


Velocity  of  Flow 

Area  required  for  One  Million  Gallonn. 

MiUioa  GalloQsia 

per  94  hours. 

acre*. 

Sfuarr  Ftet. 

Acre*. 

3.07  feet. 

43,560 

1. 000 

1. 000 

S 

26,736 

.614 

1.629 

6 

22,280 

•5" 

1-955 

7 

19,097 

.438 

2.281 

8 

16,710 

.384 

2.607 

9 

14,584 

.341 

2.933 

:o          ** 

13,368 

.307 

3.258 

II           ** 

12,153 

.279 

3-584 

12          ** 

11,140 

.256 

3-9'o 

A  rate  of  filtration  requiring  a  vehKnty  tlirougli  tli»* 
bed  exceeding  12  feet  i)er  24  lioiirs  requires,  with  most 
cl(  ar  waters,  exceeding  care  to  maintain  the  bed  in  uni- 
form good  condition.  The  rate  of  ten  feet,  or  thre<3  and 
one-quarter  milli(m  gaHons  ])er  acre,  i.s  usually  safe  wirli 
fail!  V  clear  waters  and  h^sser  rates  as  the  microbic  or  sedl- 
iiKMitarv  matters  increase  in  the  water. 

It  is  usually  found  in  i)ractice  that  a  newly  ma<le  sjuid 
bed  requires  about  three  (hiys  work  in  filtraticm  l>efoi-e  i: 
reaches  its  best  and  ]>ermanent  duty  in  the  r«»iiioval  of 
microl)es.  AVith  downward  filtration  the  finest  clarifi<*a- 
tioii  is  not  reached  until  a  thin  layer  of  intercej^t^d  ])ar- 
ticles  has  accumulated  on  the  top  surface  of  tlie  fiV- r. 
This  surface  ac(Mimulation  is  the  eflicient  screen  that  int^^r- 
cei>t8  by  entanglement  the  microscopic   protophyta  and 
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jnrotozoa,  organisms  invisible  individually  to  the  naked 
eye,  yet  whose  activities  after  they  reach  human  organs 
may  produce  results  most  momentous  in  consequences. 

The  sand  bed  filter  should  remove  95  to  99  per  cent,  of 
all  the  micro-organisms.  Manifestly,  it  is  wise  to  screen 
out  and  settle  before  filtration  the  coarser  particles  from 
the  water,  and  not  encumber  the  filter  with  them.  Mani- 
festly, it  is  dangerous  to  overwork  and  disturb  the  uni- 
formity of  the  sand  bed  when  the  sand  and  its  thin  coating 
are  the  safeguards  as  to  disease  germs. 

When  there  is  danger  from  the  germs,  careful  watch- 
ing and  operation  are  precautions  leading  to  safety. 
Daily  bacteriological  examinations  should  be  made  of  the 
water  flowing  into  the  clear  water  basin,  to  determine  if 
the  work  of  the  filter  is  uniformly  good  and  efficient. 
These  are  the  least  x>ermissible  measures  of  vigilance. 
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CapBoity,  IB, 000,000  gallons  daily. 


537.  Types  of  Pimips.— Tlie  inacliineB  that  hare  be^n 
i  for  raising  water  for  public  water  supplies  in  the  United 
States  present  a  variety  of  combinatioiia,  but  their  water 
ends  may  be  classitied  and  illustrated  by  a  few  type  forms. 

Our  space  will  not  permit  a  discussion  of  the  theories 
and  details  of  their  prime  movers,  nor  more  tlian  a  general 
discussion  of  the  details  of  the  pumps,  with  tlieir  relations 
to  tlie  flow  of  water  in  tlieir  force  mains. 

Tlie  horizontal  double-acting  piston  pump  of  the  type, 
Fig.  134, 13  an  ancient  device,  and  in  its  present  form  re- 
mains  substantially  as  devised  by  La  Hire,  and  described 
in  the  Memoirs  of  the  French  Academy  in  1710.  This  was 
at  one  time  a  favorite  type,  and  was  adopted  for  the  most 
prominent  of  tlie  early  American  pumping  works,  as  at 
Philadelphia,  Kicbmond,  New  Haven,  Cinciimati,  Mon- 
treal, etc. 

Several  modifications  of  the  vertical  plunger  pump,  after 
the  modern  Cornish  pattern  (Fig.  135),  weiv  later  intro- 
duced at  Jersey  City,  Cleveland,  Philadelphia,  Louisville, 
etc.,  and  in  1875  at  Providence. 

The  vertical  bucket  pump  (Fig.  133),  in  various  modifi- 
cations (referring  to  the  water  end  only),  was  introduced  at 
^rtford,  Brooklyn,  New  Bedford,  etc. 

The  bucket-plunger  pump  (Pig,  136,  water  end),  has 
been  more  recently  introduced  at  Chicago,  St,  Louis,  MU- 
fraokee,  Lowell,  Lynn,  Lawrence,  Manchester,  etc. 
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A  Terti«al  acting  differential  plunger  puinp,  having  one 
set  of  anction  and  one  set  of  delivery  valves,  each  arraDgud 
in  an  Jinnular  line  ajouiid  the  plunger  chamber,  has  re- 
cently been  invented  by  at  least  two  engineers,  independ- 
ently of  each  other,  and  with  i^imilar  dispteition  of  parl& 
This,  like  the  bucket  and  plunger  pump,  is  single-acting  in 
suction  and  double-acting  in  delivery.  This  pump  gives 
promise  of  superior  excellence 

The  double-acting  horizontal  plunger  pnmp  (page  233), 
itself  an  ancient  and  admirable  invention,  was  first  intro- 
duced in  combination  witli  tlie  Wortiiingtoii  duplex  engine 
about  the  year  186(J,  and  has  since  been  adopled  at  Harris- 
burg,  Charlestown,  Newark,  Salem,  Baltimore,  Toledo^ 
Toronto,  Montri'ftl,  etc. 

FiQ.  134, 


Rotarj',  and  ganfiw  of  small  piston  pumps  have  been  in- 
troduced to  some  extent,  in  direct  pressure  systems,  in  soma 
of  the  Mmall  Western  towns. 
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G'iS.  Several  of  the  earliest  jjumps*  of  magnitudi-  worthy 

r  uote  were  drivea  by  overshot,  or  bn^ast  Wivtei-wUeele,  aa 

i  Betblelieiu,  Pa.,  Faii-mouiit  \\'orkri,  Pliiliulelphia,  New 

HichmoDd,  and  Moutix'al.     Turbiues  have,  liow- 

•er,  taken  the  jdacfs  of  tlie  horizontal  wljeels  at  Puila- 

dphia  and  Richmond,  and  in  jiart  at  Montreal,  and  tur- 

ines  give  the  motion  at  Manchester,  Lancaster,  Bangor, 

1  at  other  cities. 

Fig.  143  shows  the  latest  improved  fonn  of  the  Geyelin- 

.Tonval  tui'bine,  wliioli  lias  b(^>a  used  very  successfully  in 

several  of  the  lar^e  cities  for  driving  pumps. 

Tlie  gn-atiT  number  of  the  pumping  machines  now  in 
use  are  actuati'd  "by  compound  steam-engines. 

A  considerable  number  of  tlie  large  pumping  macliinea 
have  their  pump  cylinders  in  line  with  their  steam  cylin- 
ders, and  tlieir  pump  rods  in  prolongation  of  their  steam 
piston  rods, 

j">:tl>.  ExpeuKe  of  Variable  Delivery  of  Water. — 
It  is  important  that  the  delivery  of  wat*'r  into  the  force-main 
from  the  pumping  machinery  be  as  uniform  as  possible, 
and  constant. 

If  the  delivery  of  water  is  intermittent  or  variable,  and 
the  flow  in  the  main  equally  variable,  then  power  is  con- 
sumed at  each   stroke  in  accelerating  the  flow  from  the 
KDimimum  to  the  maximum  rate. 

ft      The  vis  p/w/f  of  the  column  of  water  in  the  forct'-inain, 
Burrendered  during  tlie  ret<irdation  at  eacli  stroke,  is  neutral- 


•  Belhli'hein,  Pn  ,  constrncleil  In  1763  tho  first  public  water  Bujipiy  in  tlio 
Duitiil  Stulfs  ill  wliidi  the  pumps  wen-  drivi'ii  iiy  wntfr-ifowcr.  I'liiladi-lpliia 
constructed,  in  ITilT.  on  Ihe  Schuylkin  River,  u  Utile  below  Fnimioimi.  llm 
finrt  public  w»t«rwcirkB  in  tlie  Tnit.-d  Stales  driven  by  Blesm-pnwer  !n  1812 
Btiam-iiuinps  were  sinrled  ai  Fairrnimnt,  unci  the  old  worlis  abnwioiied.  In 
April,  1832,  iho  hyiirauiic  piiwer  piimi*  were  sianeii  ni  Pninnonni. 

f  Vid'  "  principle  nf  H»  rtira."  in  Moseley's  "  Meehanica  uf  Enginevrlim," 
p.  115.  Ni'W  York,  IHBO,  and  Pon.ulefa  l^i'i'aniqu«  Indtutritdlu,  Art  I8S, 
pBiiH.  IB41. 
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ized  hy  giavily,  and  no  nseftil  effect  or  aid  to  the  {Msbmcf 
the  pump  is  given  back,  as  useful  work  is  given  duringtlM 
retardation  of  the  fly-wheel  of  an  engine. 

If^  as  when  the  pump  is  single-acting,  motion  is  geoo- 
ated  during  each  forward  stroke,  and  the  column  comes  to 
rest  during  the  return  stroke  of  the  piston,  or  between 
strokes  of  the  piston,  the  i)Ower  consumed  (neglecting  fn^ 
tion)  to  generate  the  maximum  rate  of  motion,  equals  the 
product  of  the  weight  of  the  column  of  water  into  the  height 
to  which  such  maximum  rate  of  motion  would  be  due  if  the 
column  was  falling  freely,  in  vacuo,  in  obedience  to  the  in- 
fluence of  gravity. 

Let  Q  be  the  volume  of  water  to  be  set  in  motion,  in 
cubic  feet,  w  the  weight  of  a  cubic  foot  of  water,  in  pounds 
(=  62.5  lbs),  hi  the  equivalent  height,  in  feet,  to  which  the 

rate  of  motion  is  due  ( =  ^j,  and  pi  the  power  required  to 

produce  the  acceleration  ;  then 

Pi=  Q  X  w  X  hi.  ([) 

If  the  velocity  is  checked  and  then  accelerated  during 
eacli  stroke,  witliout  coming  to  a  rest,  let  v  be  the  maximum 
vekxrit y,  in  feet  i>er  second,  and  ^i  the  minimum  velocity ; 
then  the  power  consumed  in  or  necessary  to  produce  the 
acceleration  is 

i>.  =  <2x«,x]^-^[.  (2) 

In  illustration  of  this  last  equation,  which  represents  a 
smaller  loss  than  the  first,  assume  the  force-main,  with  air- 
vess<4  inoix^nitive,  to  be  1000  feet  long  and  2  feet  diameter, 
and  the  niaxiniuni  and  minimum  velocities  of  flow  to  be 
5  feet  and  4  \Wt  ]>^r  s«H*ond  respectively. 

Tht»  weight  of  the  contents  of  the  main  into  its  accelera- 
tion will  bi^  (.78r>k7*  x  '^^  «^  ><  ]  |^  -  |^[  =  ^142  cu.  ft.  x 
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llw.  X  .14  ft.  =  27492.5  fooUbs.  If  there  are  ten  strokea 
minute,  374925  foot  lbs.  =  8J  HP  will  be  thus  con- 
led.  If  the  main  is  twice,  or  four  times  as  long,  the 
'er  consomed  will  be  doubled,  or  quadrunlod. 
The  power  required  to  act-elerate  the  motion  of  the 
Inmn  is  in  addition  to  the  dyuamic  power  P,  in  foot-lba., 
Hired  to  lift  it  tliroogh  the  height  M,  of  actual  lift. 
For  the  equation  of  lifting  power  per  second,  when  Q  is 
volume  per  second  (neglecting  friction),  we  Lave 

P,  =  Q  xw  X  N,  (3) 

for  any  time, 

J\  =  Q  X  t  X  w  X  II.  (4) 

The  fiictional  resistance  to  How  in  a  straight  main  \b 
proportional,  very  nearly  to  the  square  of  the  velocity  of 
flow  (to  me"),  and  is  computed  by  some  formula  for  frictional 
head  h",  among  which  for  lengths  exceeding  1000  feet  is 

,„      4Z/ftp'  ,^, 

"    =   2^  •  *=' 

in  which  h"  is  the  vertical  height,  in  feet,  equivalent  to  the 
frictional  resistance. 
I      "      length  of  main,  in  feet. 
d      "      diamet^T  of  the  main,  in  feet 
7n   is  a  coefficient,  which  may  be  selected  from 
Table  61,  page  242,  of  values  of  7«. 
Tlie  equation  of  power  p",  to  overcome  the  frictional 
^"od,  is  ,-     , 

The  equation  of  power  required,  expressed  in  horse- 
powers Iff-P.]  of  33,000  foot-pounds  per  minute,  each,  for 
dynamic  lift,  and  frictional  resistance  to  flow  combined,  is 

[^.P.]  _ gg^^ .  (7) 
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The  several  resistances  above  described  are  all  loads 
upon  the  pump-piston,  and  their  sum,  together  with  the 
frictions  at  angles  and  contractions,  is  the  load,  frovi  fh 
flow  ill  the  main  which  th  ?  prime  mover  has  to  overcome. 

When  the  delivery  of  the  water  into  the  main  is  constant 
and  uniform,  these  resistances  are  at  their  minimum. 

540.  Vai'iable  3Iotioiis  of  a  Piston. — If  we  analyze 
the  rates  of  motion  during  the  forward  stroke  of  a  piston 
moved  by  a  revolving  crank  with  uniform  motion,  whose 
length  or  radius  of  circle  is  1  foot,  we  find  tlie  spaces  or  dis- 
tances moved  through  in  equal  times  by  the  piston,  while 
the  crank-pin  passes  through  equal  arcs,  to  be  as  in  the  fol- 
lowing table. 

TABLE     No.    .110. 

Piston  Spaces,  for  Equax.  Successive  Arcs  of  Crank  Motion,  iiJ^. 


0 

0 

0 

0 

0                   0 

• 

» 

0 

Arcs 

. .         0 

1 1 '/ 

22  »^ 
0735 

0 

33>^ 

.1148 

45            56^4 
.1521     ,'     .1795 

L-  _ 

0               0 

67  »< 
.1958 

0 

73,i* 

go 

Space,  fet't 

« » 

0 

acTjo 

0 

Arc  s 

!W'. 

t--?\' 

'35 

lA^'i  ,  i-7«r  • 

16S'; 

i5o 

•  >  ■  • 

Space,  feci  .  .  .  . 

..      .1^.1 

.17.; 

«4  •> 

.  t  .'4 1 

..k/-,    ,     .-.6S2     ; 

.04^1 

t 

.0138 

•  •  •  • 

The  spacers  are  equal  to  the  above,  but  in  inverse  order 
durins:  tli<*  return  stroke.  To  compute  spaces  for  other 
lengths  of  crank,  and  the  same  arcs,  multiply  the  given 
lengths  of  cnink  in  fcvt  by  the  above  spaces. 

The  sura  of  the  moticms  of  the  piston  while  the  jiin  moves 
through  the  fii-st  90°  is  1.145  feet,  and  while  through  the 

second  90°  is.S55  feet;  therefon^  the  motion  of  the  piston 

« 

is  fast(T  dunng  the  first  and  fourth  parts  of  the  revolution 
than  during  the  s(*cond  and  tliird. 

Tlie  motion  of  the  piston  is  ac<;elerated  through  .5218  of 
its  forward  and  .4782  of  its  return  stroke,  and  is  retarded 
during  the  remaining  parts  of  its  forward  and  backward 
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motions ;  and  with  the  nsnal  length  of  connecting  rod,  t 
attains  a  maximum  velocity  equal  to  about  1.325  times  ill 
Inean  velocity. 

If  the  pump  is  single  acting,  then  no  delivery  of  water 
takes  place  during  the  return  stroke,  and  this  is  the  most  dif- 
ficult case  of  intermittent  motion  to  provide  for  in  the  mm 

641.  Katies  of  Variable  Delivery  of  Water.— If  we 
analyze  the  ratios  of  movement  of  a  single,  and  the  sums  of 
ratios  of  movement  of  two  or  three  coupled  double-actiug 
pump  pistons,  when  the  two  crank-pins  are  90°  apart,  and  the 
three  pins  00°,  we  find  the  ratios,  during  the  forward  motion 
of  piston  No.  1,  for  given  arcs,  approximately  as  in  the 
following  table : 

TABLE      No.      111. 

Proportions  of  Pump  Deliveriks, 

In  cu.  ft.  for  equal  successive  arcs  of  iiK^®  of  Crank  Motion.    With  crank   i  ft.  length, 

and  piston  i  square  foot  area. 


Arc 


n«4 


^^h 


I  pisit)n.. . . 
J  pistons ... 
<  pistons ... 


I 


.0^4^     1      .U7VS 
1      ^'S 


.\rcs. 


.1/ 


o 

lol 


I  piston  .. 
.•  pistons. 

^   pisti'Ms. 


.18,4 

4  -4 


112' 


0 

0 

0 

0 

• 

1 

1       • 

33\ 

45 

56,V 

67  », 

-»^^34 

90 

1 

.1148 

.»52i 

•>795 

.1058 

1 

'^<H3 

.¥H3 

••»^1 

.2f^i 

.*jft-> 

1 

.440 

•443 

.416 

.400 

•433 

44  i 

0 

• 

0 

0 

1 

12,,\ 

ns 

M6Ji 

«57': 

Its  4 

1       '" 

.1400  •1243  I  -0065  j  .0^-82 
301 1  ,  .1030  ■  .2gJ3  I  .27ifi 
.;4g  .3S6  .j88  .3>4 


I 

.0421  .'•!. 

.2442       ,  / 

•i-'/  ■•>■• 


Tlu'  variations  of  delivery  of  water  during  ihe  fiili 
n^volutioiK  oil  eaeli  side  of  tlie  //^^a;?  rate  of  delivery  is, 
witli  one  donl>lt^  aeting  j)iston  .()"2  above  and  .Si>  below: 
with  two  doublt*  acting  i)istons  about  .22  above  and  .2»'» 
below;  and  with  three  double  acting  pistons  alM>ut  .1>^ 
above  and  .2'»  ln*h)w;  that  is,  the  maximum  variations  are 
.ST,  .-J**,  and  .2«>. 

r>4'i.  Ottire  of  Staiid-Pipe  and  Air-Vesnel.— It  is 
the  oHiee  of  the  stand-})ipe  and  air-vessel  to  take  up  the 
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jess,  and  to  compensate  for  the  deficiency  of  delivery  by 

I  pump  pistons,  plungers,  or  buckets.    These  are  most 

ictive  when  nearest  Ut  the  pump  cylinders. 

Tlie  excess  of  delivery  eutera  the  open-topped  stand-pipe 
and  raises  its  column  of  water,  and  the  column  ia  dinwn 
from  aud  falls  to  supply  the  deficiency.  Work  is  expended 
to  lift  the  column,  aud  this  work  is  given  to  the  advancing 
water  iu  the  main  when  the  column  falla  again,  but  when 
the  piston  is  again  accelerated  it  has  the  labor  of  checking 
the  motion  of  the  falling  column  in  the  stand-pipe. 

Tlie  air-vessel  on  the  force  main  is  practically  a  shorter, 
closed-top  stand-pipe  coutaining  an  imprisoned  body  of 
air.  The  exc^jss  of  delivery  of  water  fi-om  the  pumps  enters 
the  air-vessel  and  compresses  the  air,  and  the  expansion  of 
the  air  forces  out  water  to  8up|  ily  the  deficiency.  The  reduc- 
tion at  each  stroke  of  the  mean  volume  of  the  air  in  the 
vessel  is  directly  proportioned  to  the  excess  of  water  deliv- 
ered and  received  into  the  air-vessel,  which  is,  for  difiereut 
pumps,  proportional  to  their  variations,  or  if  coTipied  or 
working  through  the  same  air-vessel,  to  the  algebraical 
sums  of  their  variations. 

543.  CapiuritipH  of  Air- Vessels, — The  cubical  capa- 
city of  an  air-vessel  for  one  pair  of  double-acting  pumps  ia 
usually  about  five  or  six  t4mes  the  combined  cubical  capa- 
city of  one  wiitec  cylinder ;  but  we  shall  see  that  the  capa- 
city of  the  cylinders  alone  is  not  the  full  basis  on  which  the 
cai)acity  of  the  vessel  is  to  be  proportioned. 

If  the  air-vessel  is  filled  with  air  under  the  pressure  of 
the  .atmosphere  only,  and  tlien  is  subjected  to  a  greater 
pressure  of  water,  it  will  not  remain  full  of  air,  for  the  air 
will  be  compressi'd,  and,  according  to  Mariottfi's  law,*  its 
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volume  will  be  inversely  proportional  to  the  pressorp  mida 
which  it  exists,  pitjvided  the  b-'mperature  remains  the  aam*. 
Thus,  if  the  vessel  was  tilled  under  a  pressure  of  15  lbs.  p« 
square  inch,  and  the  water  pifssure  is  six  times  greater  is 
90  lbs.  i)er  square  inch,  and  the  temperature  is  unchanged, 
then  the  air-veasel  will  be  but  one-sixth  full. 

It  is  the  reduced  volume  of  air  in  tlie  vessel  that  is  com- 
pressed to  take  up  tlie  excess  of  water  delivered  by  the 
pumps ;  therefore  the  (hgree  ofpresxvTe  shonld  be  a  (acl« 
in  the  equation  of  capacity  of  air-vessel,  as  well  as  the  rtUii 
qf  excess  qf  delivery  during  a  half  stroke. 

Let  q  be  the  volume  of  delivery  of  one  pump  pistoa 
during  its  forward  stroke,  t  the  maximum  variation; 
if  two  or  more  pistons  are  coupled,  the  algebraic  sum 
variations  of  deliveiy  nf  w.ilei'  during  tlie  forwai-d  stroke' 
<if  No.  1  jjiston,  II  thi"  niiixinium  iirewwiire  of  water  la 
atmospheres  (=  14.7  11  w.  i)er  square  inrh  eitcli),  and  /an 
experience  i-iiefficieut  whose  value  will  ordinarily  he  about 
U.  7,  then  the  equation  for  cubical  capacity,  C^  in  cubic  feel, 
of  air-vessel  for  a  water  supply  pump,  is 

C=   q-^{\    4-   ,-)   X  „   X  /,  (8> 

or  if  p  is  the  maxim  nm  water  pressure,  in  pounds  per  sqoare 
inch,  then  the  equation,  when  /  =  o.",  may  tnke  tJie  form 

C  =  .0i075  X  (I  +  r)  X  j».  («  " 

The  moving  water  absti-acts  an  appreciable  portioD  of 
the  air  contained  in  the  air-vessel,  which  should  be  replaced 
by  re-cliarging  the  vessel  with  air. 

If  the  air-vessel  ia  to  be  maintained  full  by  the  pumping 
iu  of  air  against  the  pressure  of  water  in  the  main,  tlien  the 
size  of  the  air-chamber  may  be  much  i-educed-  Its  height 
should  be  at  least  three  times  its  diameter. 
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The  larger  the  water  sarfaoe  in. contact  with  theaiiiB 
the  air-vessel,  tlie  faster  the  air  is  absorbed  by  tlie  water: 
therefore  it  is  advisable  to  give  cousiderable  height  in  prfr 
portion  to  diameter  to  the  air-vessel,  aud  a  disk  of  wood  « 
other  nearly  or  quite  impt-rviuus  material,  ooe  or  two  iucliia 
less  in  diameter  thau  the  air-vessel,  may  be  allowed  to  tie  | 
on  the  water  in  the  vessel,  and  thus  atiU  more  reduce  Uw 
surfaces  of  contact  of  air  and  water. 

544.  Valves.— Pumps  that  have  to  lift  water  to  heights 
greater  than  thuty  feet,  are  usually  of  necessity,  or  fo: 
ronvenience  of  access,  placed  between  the  water  to  1>: 
raised  and  the  point  of  delivery.  When  so  situated  tier 
perform  two  distinct  operations,  one  of  which  is  to  draw  Ibt' 
water  to  them,  and  the  other  to  force  it  up  to  the  desire«i 
elevation.     When  the  pump  piston  or  plunger  advance^ 


the  water  iu  front  of  it  is  pressed  foi-ward,  and  at  the 
time  the  pressure  of  the  atmoajjliere  forces  in  water  to  till 
the  space  or  vacuum  that  it  would  otherwise  leave  behind 
it  The  return  of  the  water  must  be  prevented,  or  the  work 
done  by  lifting  it  will  be  wasted.  Valrea  which  open  freelj 
to  forward  motion  of  the  water  and  close  against  its  retorni 
are,  therefore,  a  necessity,  both  upon  the  suction  and  tl 
delivery  sidra  of  the  pnmp. 

AW  valves  break  up  and  distort,  in  .some  d^ree,  the  a 
vancing  colnmn  of  water.     Such  distortions  and  diridoi 


hnse  frictional  resistance,  which  consumes  power.  The 
valve  that  admits  thu  passage  of  the  columu  of  wiiter  by  or 
through  it  with  the  least  division  or  deflection  from  its  direct 
course,  neutralizes  least  of  the  motive  power,  abort  beuda 
and  contractions  in  water  passages,  that  ixiueiuue  a  great 
deal  of  jiower  or  equivalent  liead,  often  occur  in  their  woret 
degree  in  pump  valves. 

The  piston  i^aZrte  which  moves  entirely  out  of  the  water- 
passagi?,  and  permits  the  flow  of  water  in  a  single  cylindrical 
column,  sucli  for  instance  as  was  used  in  tlie  Darlington 
and  Junker  water-eiiffines,*  is  perha])3  least  objectionable 
in  the  matter  of  frictional  resistance  to  tlie  moving  water, 
but  is  often  inconvenient  to  use.  The  single  flap-valve 
(Fig.  137),  with  an^a  at  30°  lift  e.xceeding  the  sectional  area 
of  tlie  pump  cylinder,  gives  also  a  minimnm  amount  of  fric- 
tional i-esistance. 

The  single  annular  form  of  column,  while  passing  tlirougli 
the  valve,  is  leas  objectionable  than  any  of  the  other  divi- 
sions of  the  water,  and  annular  valve  openings  have  been 
the  favorite  forms  in  nearly  all  the  large  jmrnping  ma- 
chines. 

In  some  of  the  earlier  pumps  the  suction  was  through  a 
single  valve  with  two  annular  openings,  after  the  HaiTey 
and  U'est  model,  or,  as  more  familiarly  known,  the  Coniish 
double- beat  valve,  similar  to  Fig.  138,  illustrating  the  valves 
nsed  in  the  Bi-ooklyn  engines. 

Wiien  pumps  l>egan  to  be  built  of  gi'eat  magnitude, 
requiring  large  capacities  for  flow,  and  tlie  valves  were 
increaat^  in  size  to  two  feet  diameter  and  upward,  the 
valves  were  found  to  strike  very  powerful  blows  as  tliey 

•  Vtae  ITliiBtration  of  n  witernifflnB  in  Rankine's  "  Sleam  Engine."  p.  140, 
London,  187S,  and  Lardner'g  Hydroet&tics  and  Pneumatice.  p.  312.  London, 
1874. 


came  uih>ii  tiicii-  s«^>:Us.  and  to  make  the  wlioli'  niacliine,  the 
building,  nnd  tli--  earth  arouud  the  fonndations  tremble. 

Tlii^  aruuiyanee  I>-d  to  dividiiiir  the  valvesi  into  oests  of 
five  ov  mt'iT  valves  of  similar  donWe-lx-at  fonii.  In  LoDdtm 
and  other  large  Englisli  cities  the  valves  have  of  lale  been 
of  the/'""/-/"  'ff  elass.  or  Husband*:*  niod<'l. 

In  uianv  i'U!ui>sthe  valvi-s  have  of  late  beon  divided  into 
nests  of  twelve  or  more  nibber-disba  (Fig.  139  >  in  each  set, 
Bt^itin,-  nitin  gmtinl  o[>eoini:s  in  a  flat  valve-plate.  Each 
Bubdivi>i»ii  inen'as^'s  the  frirtional  resistance,'  but  rediHiw 
the  I'oive  of  the  blow,  or  truler-liamma;  when  the  valve 
strikes  its  s*"at. 

The  suction  and  delivery  valves  of  the  piston  pumps 
,Fii:.  VM'  wen-  usually  of  the  flap  or  hinged  pattern.  Tliew 
j»iston-puiiiiK<  had  sometimes,  though  larvly.  their  cvlinders 
^m-vX  vertieall\ .  as  at  the  Centpp  Square  Works  erected  in 
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lelplxia  in  1801,  and  at  the  Schuylkill  Worlis  erected 
tiie  same  city  in  1844.     They  were  inclined  ten  or  twelve 
rt-es  Irom  the  horizontal  at  Montreal. 
The    horizontal    plunger,  p^u  jgg 

or  "  Worthington "  pumpa 
(page  223),  have  uniforraly 
been  fitted  with  nests  of  rul>- 
ber  disk  valves. 

The  best  of  the  modem 
steam  fire-engines  are  fitted 
with  nests  of  rubber  disk 
valves,  showing  that  tiiis 
class  of  valve  ia  a  favorite 
when  the  pressure  is  great  and  the  motion  is  rapid. 
.  The  rubber  disk  valve  (Fig.  139)  was  sketched  fk)m  an 
\  Amoskeag  fire-steamer  valve. 

5-15.  Motion  of  Water  Through  Pumps.— Wat«r  ia 
80  heavy  and  uielastic  that  large  columns  of  it  cannot  be 
quickly  started  or  stopped,  without  the  exertion  or  opposi- 
Con  of  great  power  to  overcome  its  inertia,  or  o/s  Pica. 
"here  is  therefore  an  advantage,  as  respects  the  even  and 
^  moderate  consumption  of  power,  when  tlie  piston  or  plunger 
motion  is  reciprocal,  in  making  the  strokes  long,  and  few 
per  minate. 

The  case  is  entirely  different  with  an  elastic  fluid  like 
steam.  The  tendency  of  tlie  most  successful  modem  st^'am 
engineering  has  been  toward  quick  strokes  and  high  steam 
pressures,  and  with  high  degrees  of  expansion  in  the  laiger 
engines. 

The  "indoor"  ends  of  the  beams  of  the  best  Cornish 

pumping-engines  are  longer  than  the  '-outdoor"  ends,  and 

it  is  claimed  as  one  of  their  special  advantages  tliat  tlie  in- 

^Ldoor  or  steam  stmke  that  lifts  the  plunger  jjole  can  be  made 


^^on 
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with  rapidity,  while  the  oatdoor  stroke,  or  fell  of  th* 
plunger  hy  its  owii  weight,  can  be  gradual,  and  thus  the 
water  be  pressed  ibrwaid  at  a  ooail}"  st*!udy  aud  unifom 
rate.  The  single-cylinder,  singh'-aeting,  non-rotative  Cor- 
nish engine  is  admirably  adapted  to  tlie  work  to  wliii-li 
it  was  early  ap])lied  by  Watt  and  Boultoii — iiaiu<-ly,  the 
raising  of  water  from  the  deep  pits  of  mines  by  suc- 
cessive lifts  to  the  surface  adits,  where  it  tlowL-d  fre^ 
away ;  but  when  applied  to  long  force-mains  of  water- 
supplies,  a  stand-pipe  near  tlie  pump  becomes  a  necessity 
to  neuti-alize  the  straining  and  laborious  eflFecta  of  the  inwr- 
mirtent  action. 

540.  Double-Acting  Puniiiiiigr-Enjfines. — The  de- 
sire to  overcome  the  objectienable  intermittent  delivery  of 
tlie  single-acting  pump,  as  well  as  the  influence  of  the  sliarp 
competition  among  engine-builders,  that  forced  them  to 
study  methods  of  economizing  the  lirst  cost  of  tlie  machiue* 
wliile  maintaining  their  capacity  and  economy  of  aetitto, 
led  to  the  introduction,  for  water-sujiply  pumping,  of  tite 
compound  or  double  cylinder,  double-acting,  rotative  ( 
fly-wheel  engine.  This  last  class  of  engines  was  brought  to 
a  high  state  of  perfection  by  Mr.  Wickstcd  and  Mr.  Simp- 
son at  the  London  pumping  stations.  Some  admirable 
pumping  machines  of  this  class  have  btn-n  coiistrucb-d  fat 
American  water-works  from  designs  of  Messrs.  Wrigh^ 
Cregeir,  Leavitt,  and  others. 

547.  Geareil  Pninping-EiiglneB. — Geared  componn^ 
pnmping-engines,  one  style  of  which  (the  Naglfi  is  tiliown  il 
side  and  end  elevations*  in  Figs.  140  (p.  37T)  and  141  {p.  573), 
are  well  adapti>d  both  for  direct  pnmping,  and  also  where' 
•he  reservoir  and  direct  systems  are  combined.     Adi-anta*;* 

*  Prom  tliR  dcsi^  udopled  for  tbe  Pravidenoe  Ui^  Serruw.  aad  warfcjag 
iriih  diruci  pressure. 
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tnaj  here  be  taken  of  liigli  preasnre  of  Bteam,  rapid  etaa 
piston  stroke,  and  large  d^ree  of  steam  expanson,  wlule 
the  water  piston  movt-s  relatively  slow  witli  a  minimuB 
number  of  n-versals. 

548.  CoHtH  of  PuDipiiig  Water.— The  folloving  Ubie 
j>.  575)  gi\es  tlie  runtiiog  expenses  for  pumping  water  n 
varions  cities. 

540.  Duty  of  Pitmplng  Engines.— The  du/y  tc 
elective  work  of  a  st'-ain  jjuniping-engine.  as  now  QguaQy 
expressed,  is  the  rntio  of  tlie  product,  in  foot-pounds,  ft 
the  weight  of  water  into  the  heiglit  it  is  lifted,  to  one  hun- 
dred pounds  of  the  coal  burned  to  lift  the  water. 

This  standard  is  an  outgrowth  from  that  established 
by  Watt,  about  the  year  1780,  for  the  jiorpose  of  co^lpa^ 
ing  the  performances  of  pumping-engines  in  the  Coraish 
mines,  when  Messrs.  Bonltca  and  Watt  first  introdacpd 
their  improved  pomping-engines  ni>on  condition  that  their 
compensation  was  to  be  derived  from  a  share  of  the  saving 
in  fuel.  Watt  first  used  a  bushel  of  coal  as  the  unit  of 
measure  of  fuel,  equal  to  about  94  pounds,  and  afterward 
a  cwt  of  coal,  equal  to  112  pounds.  More  recently. 
Gnropean  practice,  and  generally  in  American  practjeev 
100  pounds  of  coal  is  the  unit  of  measure  of  fuel.  In  s 
recent  refined  experiments,  the  weight  of  ashes  and  clinkt-ra 
is  deducted,  and  the  unit  of  measure  of  fuel  is  the  combus- 
tible portion  of  100  pounds  of  coal.  The  use  of  these  sev- 
<;ral  units,  differing  but  slightly  from  eacJi  other  in  valuiv 
leads  to  confusion  or  apparent  wide  discrepancies  in  reenllst 
when  the  performances  of  different  pumping-engines  are 
compared,  tmless  the  results  are  all  reduced  to  an  nniform 
standard. 

To  construct  an  equation  in  conformity  with  the  more 
generally  accepted  standard  of  duty,  let  Q  be  the  volume 
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of  watei  delivered  in  anj  giTea  time  into  the  foroe'iiaiii,  ii 
^llons;  u}  the  weight*  of  a  gallon  of  water  in  poundll 
(=8.31  lbs.  approxinmtely) ;  i/  the  dynamic  lieigUttrf  lifi; 
h  the  lieigbt  eqairalent  to  the  frictional  resistance  betwea 
pumps  and  n^ser\'oir,  inclading  resistances  of  flow,  Tali% 
Vnds,  etc.,  in  the  force-main,  but  not  the  work  doe  to  in- 
termittent motion  of  pnmps,  or  to  bends  and  frictions  within 
the  pnmp  iwelf ;  W  tlie  weight,  in  pounds,  of  coal  fomi 
into  the  furnace  in  the  given  time ;  and  D  the  duty  per  VQ 
potuds  of  coal ;  then 

^~  MW  •  ^' 

Sometimes  the  value  of  Q  is  expressed  in  cubic  feet,  io 
which  case  w  is  the  weight  in  pounds  of  a  cubic  foot  U 
water  (=  62.33  lbs,  approxiiuately). 

If  it  is  preferred  to  use  the  area  of  plunger,  its  mesn  ratt 
of  motion  in  the  given  time,  and  the  pressure  against  whic> 
it  moves,  as  factors  in  the  calculation,  then  the  equivaleii 
equation  of  dntj  D,  takes  the  form, 

c^xrx^xfp+f>) 

.01  IF  '  ^"m 

fal  which  A  is  the  urea,  in  square  feet,  of  the  jHston 
hncket,  and  c  its  coefficient  of  effective  delivery,  wtaid 
varies  from  .60  to  .98.  according  to  design  or  condition  of 
the  valves  and  velocity  of  flow  through  them  ;  V  the 
rate  of  motion,  in  feet  per  minute,  of  the  plunger  or  bucket 
t  the  given  lime,  in  minuii-s  ;  P  +  p,  the  prtissore  in  ponni 
per  square  foot  in  the  mains  due  to  dynamic  bead  and  fri 
tiona  between  pump-well  and  reservoir ;  and  (Tthe  weight  i 
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«oal,  in  pounds,   passed   into   the  furnace  in  the  given 
tiaie, 

U  Win  taken  for  denominator  in  the  equation  instt^ad  of 
,01  ir,  then  the  result  gives  the  duty  per  pound  of  coal. 

The  numerator  iu  estcli  equation  refera  to  tlie  foot^pouoda 
of  work  done  by  the  plunger  or  bucket  of  the  puuip  in  effec- 
tive delivery  of  water  into  and  efflux  from  ttie  force-main, 
and  the  denominator  refers  to  the  foot-pounds  of  work  con- 
verted from  the  heat  in  the  coal,  and  effectively  applied  by 
the  combination  of  boiler  and  steam  engine. 

The  coefficient  c  and  the  tei-ms  7i  and  p  in  equations  10 
and  11  are  orrlinarily  appreciably  variable  with  variable 
r-ites  of  plunger  or  bucket  motion.  Preliminarj-  to  a  general 
duty  test  of  a  pump  the  values  of  c  for  different  velocities 
or  rate's  of  piston  motion,  from  minimum  to  maximum, 
should  be  determined  by  a  reliable  and  accurate  weight  or 
weir  test,  and  the  value  of  A  or  J5  be  accurately  determined 
for  similar  conditions  by  an  accurate  gauge  or  pressure  test, 
and  a  scale,  per  unit  of  velocity  prepared  for  each,  so  that 
values  may  be  read  off  for  the  actual  rates  of  piston  motion 
during  the  general  test. 

Tlie  main  parts  or  divisions  which  make  np  a  steam 
pumping  engine,  are ; 

1.  Boilers  (including  grates,  heatuig  surfaces,  steam  and 
water  spaces,  and  flues). 

3.  Steam  engine  (including  steam  pipes,  cylinders,  valves, 
pistons,  and  condensing  apparatus). 

3.  Pump  (including  water  passages,  cylinders,  plunger 
or  bucket,  and  valves). 

In  comparisons  of  data,  for  the  selection  or  design  of  the 
parta  of  snch  a  combination,  the  classes  of  each  part  should 
be  considered  in  detail,  independently,  with  prime  costs, 
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ainoe  if  either  part  gives  a  low  duty  alone^  the  duty  of  fte 
oombinatioD  will  suffer  in  consequence. 

Attention  will  be  given  especiallj  to  the  evaporative 
power  of  the  boiler  and  its  duty,  or  ratio  of  effectire  to 
theoretical  pressure  delivered  into  the  steam  pipe ;  the  effiac- 
tive  piston  pressure  capabilities  or  duty  of  the  steam  cylin- 
der, over  and  above  its  condensations,  enhanced  by  sknr 
motion,  leakages  of  steam,  aud  frictions ;  and  the  fricticMud 
resistances  of  the  pump  piston  or  plunger,  and  valves,  and 
reactions  in  the  water  passages. 

Each  pound  of  good  coal,  according  to  the  dynamic 
tiieory  of  heat^  contains  in  its  combustible  part  about  14,0<K) 
heat  units,  which  are  developed  into  a  force  by  the  burning 
of  the  coal  to  produce  steam,  and  this  force  is  capable  of 
performing  a  definite  amount  of  work.  From  sixu»t*n  to 
twenty  per  cent,  of  these  heat  units  are,  ordinarily,  loi^t  b\ 
escape  up  the  chimney ;  sixteen  to  twenty  per  cent  addi 
tional  ajv  lost  by  condensation  of  the  steam  in  the  pipes 
and  cylinders,  and  by  leakage  past  the  piston  or  valves  into 
the  condenser,  and  about  fifty  i)er  cent  of  their  equivalents 
esca|>e  with  the  exhaust  steam  into  the  condenser.  Only 
about  ten  or  twelve  i^er  cent,  of  these  heat  units  are  ordi- 
narily transfornit^  into  actual  useftd  work  done  by  the 
steam. 

K  the  engine  has  many  rubbing  surfaces,  or  binds  at 
any  bearing,  or  if  the  pumps  have  crooked  water  passages, 
many  divisions  of  the  jet  in  the  valves,  frequent  and  rapid 
startiuiTs  an«l  oheckimrs  of  the  water  column,  or  if  its  binds 
at  any  Ixnirinir,  then  ejich  of  these  resistances  consume  a 
jH^rtion  of  the  remaining  ten  or  twelve  per  cent,  of  useful 
work  of  the  steam. 

Stabilitv  and  substanlialitv  are  matters  of  the  utmost 
imiH^rtanee  to  Iv  eo!isidered  ia  the  selection  of  a  class  or 
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anulactui-e  of  pumping  fugims.     By  these  t*?rms,  in  this 

muectioii,  wo  meau  tlie  cajjability  of  eiiduraucu  ol'  contiu  ■ 

bua  actiou  at  the  utaudard  rate  and  work,  without  stoppage 

r  repairs,  aud  with  thu  iiiinitnum  exijenditure  lor  repairs. 

Tiiia  power  of  uoiitinuous  work  at  a  iiiaxiinum  rate  is  of 

iar  greater  value,  oriiiiiarily,  than  an  extremely  liigh  duty, 

if  stability  is  Bacrlticed  ui  part  for  the  attainment  of  a  liigli 

duty,  for  Uie  conifoi-t  and  safety  of  tlie  city  may  be  jeopaid- 

ized  by  a  weakness  in  its  pumping  engine.     Stability  bt.'ing 

first  attained,  then  duty  becomes  an  element  of  excellence 

and  Buperiority. 


550.  Speciiil  Trial  Duties.— Tlie  following  table  (page 
680)  gives  the  duty  results  obtained  by  ppecial  trials  of 
varioua  engines,  under  the  direction  of  expert-*.* 

551.  Ecoiinmy  of  a  Hi(;li  Dtity.— The  financial  valne 
of  a  high  diiti/  ia  too  often  overlooked. 

"  Vidt  report  of  MeBsrs.  Low.  Roberta  and  Bogwt ;  in  Jouroal  of  Ameritxui 
Society  of  Civ-il  Engin-era.    Vol.  IV,  p.  148. 
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Engines  of  sjibstatitial  coiistrui-tkin  riin  now  be  readily 
obtaiiu^d,  tliat,  wJicii  working  continnoiialy  at  tlieir  stand- 
ard capacities,  will  ^ive  duties  of  from  75  to  100  million 
foot-pounda  per  KJO  jMjunds  of  coal  Wlien  they  art'  real- 
mng  less  than  tlieir  mnxiniuni  duties,  money,  or  its  equiva- 
lent, goes  to  waste. 

We  have  just  seen  (§  540)  ttiat  duty  is  a  mtio  of  effec- 
tive work.  If  we  divide  the  dynamic  work  to  be  done  by 
this  ratio,  then  we  have  tl»>  pounds  fif  coal  rf.'<iuired  to  do 
the  work  when  tlie  given  duty  is  n^alized. 

Let  D  be  the  given  duty  in  foot-jjouuds  per  100  pounds 
of  coal ;  Q  the  volume  of  water  delivered  into  the  force-main 
ill  gallons ;  w  the  weight  of  a  pallon  of  water,  in  pounds 
(=8.34  lbs.,  approximately);  //the  actual  height  of  lift; 
k  the  height  equivalent  to  the  frictional  resistances  in  the 
main  ;  and  TTtlie  weight  of  coal  required,  in  pounds  ;  then 
we  have  for  equation  of  weight  of  coal, 

W=  lOOg  y.w  x  {H+h) 


(12) 

When  Q  !ind  D  are  in  even  millions,  the  Computation 
will  be  short^-ncd  by  taking  one  million  as  the  unit  for  those 
quantities. 

Li't  us  assume  that  we  have  one  million  gaUons  of  water 
to  lift  100  feet  high  in  twenty-four  hours,  then  the  pounds 
of  coal  required  at  various  duties  will  be  approximately 
as  follows: 

T  A  BLE     No.   1  14. 
Comparative  Consumptions  of  Coal  at  Different  Doties. 
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The  relative  costs  per  annnm,  in  dollars,  for  lilUng 
various  quantities  of  water  daily  100  feet  high,  at  different 
duties,  will  be  approximately  as  in  the  following  taUe, 
on  the  assumption  tliat  the  coal  costs  $8  per  ton  of  3000 
pounds,  when  delivered  into  tlie  furnace. 

TABLE     No.    118. 

Fuel  Expenses  for  Pumping,  Compared  on  Duty  Bases.  - 


1 

Number  of  millions  of  firallons 

(  pumped  daily,  one  hundref<  tcet 

higb. 

Duty  in 

(Coal  in  furnace  at  $8  per  ton.) 

millions  of 

iooUpounds. 

1 

2 

8 

4 

0  . 

8 

10 

Ci 

7S/  of  COttl  P 

cr  anmutft. 

lOO 

$1277.86 

$2556 

I3834 

$5111    '     ,';7C)C)7 

^10223 

1  I12779 

90 

1419.85 

2840 

4260 

5679            8519 

11359 

14198 

80 

1597.32 

3195 

4792 

6389            9584 

12778 

'     15973 

70 

1825.51 

3651 

5477 

7302 

i^^53 

14604 

18255 

60 

2129.76 

4260 

6389 

8519 

12779 

1703S 

21299 

50 

2555-72 

cm 

7667 

10223 

15334 

20446 

25557 

40 

3194-65 

6389 

9584 

12769 

19168 

25537 

3x946 

30 

4259 -53 

8519 

12779 

17038 

25557 

34076 

42595 

20 

63S9.30 

12768 

19168 

25537 

39336 

51174 

63S93 

If  the  lift  is  150  foct,  tlieu  the  annual  cost  will  be  one 
and  one-half  times  the  above  amounts  resixM^tivi'l}',  i£  2t)0 
feet,  t\vic(i  the  above  amounts,  etc. 

If  w(i  have  four  million  gallons  p<*r  day  to  pump  100  ftn^ 
high,  tluMi  the  cost  of  coal  per  annum  for  a  100  million 
duty  (Migine  will  be  about  85000,  and  with  a  20  million  duty 
engiiK^  about  §25000.  If  we  have  to  pumj)  the  j>ain(»  water 
200  feet,  the  coal  for  the  lii^st  engine  will  cost  about  ^10,200 
and  with  the  second  eugini*  851,000.  These  sums  cai)ital- 
ized  represent  the  relative  financial  values  of  the  engines, 
so  far  as  relates  to  cost  of  fuel. 

If  pumping-<»ngines  are  sufficiently  strong,  of  good  me- 
chanical workmanship,  and  simple  in  arrangement  of  part^ 
then  the  cost  of  attendance^  lubricants,  and  ordinarj^  re- 
pairs, while  doing  a  given  v>  ork,  will  bo  subt^tantinlly  the 
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same  for  different  makes  or  designs.  Beyond  this  the  rela^ 
tive  merits  of  machines  of  equal  stability,  independent  of 
prime  cost,  are  nearly  in  the  ini'ei-ae  oi-dei  of  the  amount  ol 
tuel  they  requiie  to  do  a  given  work. 

But  the  first  coats  of  the  complete  combination  should 
be  made  a  factor  in  the  comparison,  including  costs  of  foun- 
dations and  e.'ctra  costs  of  buildings,  standpipes,  etc.,  if  re- 
quired, as  in  the  case  of  Cornish  engines.  Tht>n  the  relative 
economic  merits  are  inversely  as  the  products  of  costs  into 
reciprocals  of  duties,  or  directly  as  duty  divided  by  cost. 

Let  Cj  be  the  cost  in  dollars  of  the  complete  puraping- 
engine,  iucluding  foundations,  pump-wells,  etc.,  and  J)  thi^ 
doty  in  millions,  then  the  most  economic  engine,  so  far  as 
relates  to  cost  of  fuel,  will  be  that  wliich  has  the  least 

product  of  C^  X  jY  or  -,'.,  and  the  relative  result  will  be  very 

nearly  the  same  if  the  cost  of  engine  is  capitalized. 

Let  'Jt  be  the  per  cent.,  or  late  of  interest  at  which  the 
cost  is  capitalized,  then  the  most  economic  engine,  as  to 
prime  cost  and  duty,  will  be  that  which  has  the  least  pro- 

duct  ot  ^  X  ^  or  ^  X  -^. 

Let  us  assume  that  we  have  five  million  gallons  of  water 
to  lift  100  feet  higli  per  day,  and  that  a  standard  engine  of 
Buitable  capacity  to  do  the  work,  realizing  one  hundred  mil- 
lion duty,  will  cost  J65,000. 

With  this  standard  let  us  compare,  linancially,  (;nginea 
of  less  first  cost  and  giving  less  duties,  as  in  the  following 
table,  in  which  the  ratio  of  the  standard  is  taken  equal 
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T  A  B  LE     No.   1  16. 

Comparison  of  Values  of  Pumping-Engines  of  Various  Ptna 

Costs  and  Duties  on  Fuel  Bases. 


Ck>sT=  Crf. 

Duty  =  D. 

^        X       Ci 

Ratio. 

$65,000 

too  M. 

650.0 

I. 

60,000 

90     « 

666.6 

1.025 

50,000 

75    " 

666.6 

1.025 

45,000 

60    " 

750.0 

1-^53 

35,000 

50    " 

700.0 

1.077 

25,000 

30    " 

^ZZZ 

1.282 

By  the  column  of  ratios  in  the  table  we  learn  that  the 
$25,000  engine  will  really  cost  twenty  eight  j^er  cent,  more 
per  annum  than  the  $65,000  engine,  for  the  same  work,  and 
that  the  purchase  of  the  assumed  standard  engine,  if  it  has 
stability  equal  to  that  of  the  lower-priced  engine,  will  lead 
to  the  most  profitable  results. 

In  the  table,  th(»  $50,000  pumping-engine  giving  a  seventy- 
five  million  duty,  is  seen  to  have  a  financial  value  almost 
identical  with  that  of  the  assumed  standard  engine.  If  it 
is  also  fn»er  from  liability  to  breakage  or  interruption,  if  it 
requires  less  labor  or  less  skill  in  attendance,  if  it  is  easier 
in  adjustment  to  varying  work  when  variable  work  is  to 
be  performed,  or  if  it  is  better  adapted  mechanically  to  the 
special  work  to  be  performed,  then  the  practical  over- 
balances the  financial  advantas^es,  and  it  is  obviouslv  en- 
titl(»d  to  preference  in  the  selection,  and  good  judgment  will 
lead  to  the  purchase  of  this  rather  than  of  the  assumed 
standard  engine. 
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CHAPTER    XXY. 

TANK    STAND-PIPES. 

B52.  Their  Fniit'tloii — Many  municipalities  are  sit 
nated  in  slightly  timlulating  distrirts,  where  elevated, 
embanked,  or  masonry  i-eservoirs,  of  capacity  to  hold  a 
supply  of  water  equal  ta  five  or  six  days'  draught  of  the 
tfjivn.  or  more,  are  unattainable.  In  surh  placejs,  the 
nietvillic  tank  stand-pipe,  or  water-tower,  located  on  some 
moderate  elevation,  or  rjiisiHl  on  a.  trestle,  or  masonry  tower, 
liecomes  a  valuable  adjunct  to  the  water  nystem,  and  espe- 
cially so  to  the  systems  of  the  smaller  towns  and  villages, 
where  its  capacity  ought  always  to  equal  a  full  day's  domes- 
tic and  several  hours'  Hre  consumption  of  water. 

The  tank  stand-pipe  lias  great  valne  in  connection  with 
stentm  pumping  plants  unconnected  with  a  large  elevated 
reservoir,  when  compared  with  direct  i)ressure  alone,  for  a 
steam  boiler  cannot  so  promptly  re82)ond  with  inci-eased 
pressure  to  ii  demand  for  a  large  increase  of  How  at  the 
hydnirits,  iis  can  the  water  jKJwer  of  the  usual  hydraulic 
l)Utiii<ing  plant.  The  ivady  filled  elevated  tank  may  save  a 
delay  in  incmiised  volume  and  pressure  of  water  that  saves 
also  oni!-haU  the  town  from  destruction  by  lii'e. 

Aone-ini-li  li^jht  hose  stream  delivers  approximately  two 
hundred  gallons  of  water  [le:- minute,  and  a  24x100  fee' 

ttj^k,  holding  a  quarter  of  a  million  gallons  of  water,  wouli' 
Wpply  five  such  streams  four  hours,  or  would  contain  the 
^^y  supply  of  fifty  gallons  eae.li  for  five  thousiind  persons, 
and  if  its  base  was  sufficiently  elevated  would  allow  of  the 
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daily  pamping  for  three  thousand  persons  to  be  perfonn^ 
in  about  ten  hours  of  each  day,  which  would  give  favorable 
stoppages  of  all  the  machinery  for  inspections,  cleaningi 
and  repairs,  and  might  cover  many  contingencies.  For 
instance,  a  pumping  machine  might  so  break  as  to  destroy 
its  mate,  a  boiler  might  burst  so  as  to  destroy  the  whole 
lottery,  the  pump  house  might  bum  or  be  blown  up,  i 
break  in  the  force  main  might  do  serious  injury  to  the 
pump  house,  the  machinery,  its  duplicate  main,  etc. ;  thus 
the  t;ink  may  save  its  cost  in  one  day,  and  it  is  a  perpetiud 
protector.  For  many  reasons,  their  use  is  becoming  gen- 
eral where  the  larger  reservoirs  are  impassible. 

553.  Foundations. — An  excellent  class  of  masonry  is 
necessary  for  tall  stand-pipe  foundations,  because  the 
resultant  pressures,  5*y,  Pig.  143,  from  the  great  weight  of 
water,  combined  with  the  v^ind  force  upon  the  tank,  or  its 
inclosing  superstructure,  often  has  its  direction  near  to  the 
eflge,  or  outside  the  base  of  the  metal  shell,  and  severe 
pressni-es  are  thus  thrown  upon  the  outside  edge  of  the 
foundation.  Tlie  wrencliing  action  of  the  winds  under  such 
(conditions  tends  to  movements  and  disintegrations  of  the 
masonrv. 

In  ircKKl  courseil  masonry  with  strong  cement  mortar, 
such  ]>ivssnres  sliould  be  kept  within  limits  as  follows : 

Concrete  masonn%  55  lbs.  per  sq.  in.  =    4    tons  per  sq.  foot. 

Rrickwork      "  70    ''       '*        "       =     5 

S.iinlstone      "        104    "       "        "       =     7.5 
Granite  "        140    *'       '*        **       =,10 

Tilt*  foundation  should  l>e  sufficiently  broad,  so  that  thi 
'  dinvtit>n  of  the  irivatest  resultant  of  weight  and  wind  will 
';  cut  tht»  iKise  witliin  one-fourth  diameter  distance  from  its 
centn* 
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U 
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5iH.  Wind  Striiins,  —  Toinadoes  attack  uniiiclosed 
uid-pjpes  with  the  moat  destructive  forces  Uiey  havt-  to 
Ptlistand. 

Tlie  severe  forces  of  the  wind  are  to  be  considered  in 
pterniiuing  their  inaterials,  thicknesses  and  anchorages. 
When  tlie  uninclosed  tank  is  empty,  it  is  least  stable 
[ainst  wind  forces,  as  respects  horizontal  sliding  and  ten- 
Lcy  to  overturn. 
Wind  pressure  upon  the  curved  surface  of  one  senii- 
vuinference  of  a  vertical  cylindrical  tank  may  be  consid- 
as  acting  upon  an  infinite  seties  of  eqmil  tangential 
larfaces  surrounding  the  curve,  and  the  ratio  of  effect  of 
the  fon-e  in  the  direction  of  the  centre  of  the  curve  will,  on 
eiich  tangent,  equal  the  cofine  of  the  interior  included  angle 
between  the  tangent  and  direction  of  the  wind.  The  mfa/i 
of  the  seriesi  of  cosines  thus  develope<l  is  .70711+,  and  the 
resultant  effect  of  the  sum  of  forces  in  a  direction  parallel 
with  the  general  motion  of  the  wind  is  as  the  square  of  this 
mean  cosine,  or  .B.  The  sum  of  the  series  of  cosines  equals 
the  diameter  of  the  cylinder.  We  may,  therefore,  consider 
the  foitse  of  the  wind  as  acting  upon  the  diametiical  jdane 
of  the  tank,  which  is  perpendicular  to  the  direction  of  the 
wind,  with  .5  its  normal  foi-ce,  or  if  the  tank  is  octagonal 
w^ith  .79  its  normal  force,  and  if  the  tank  is  square,  with 
its  full  normal  force.  In  severe  gales,  the  normal  force  of 
the  wind  is  sometimes  40  pounds  per  square  foot. 

555.  TundfiM'y  to  Slide.  —  Tanks  as  usually  con- 
structed have  not  sufficient  weight,  when  empty,  to  resist 
tlie  tendency  to  a  sliding  motion  when  a  very  strong  wind 
S  pressing  on  them. 

If  we  assume  the  exti-eme  force  of  the  wind  on  a  plane 

t  right  angles  to  its  direction  as  40  pounds  =  P  per  square 

;,  and  consider  P  as  acting  on  the  diametrical  plane  A 
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=  diameter  D  into  height  H  of  tank,  and  the  ratio  of  effect 
equal  .5,  then  we  have  the  total  distributed  force  of  the 
wind  W  npon  the  tank,  Fig.  143, 

Tr=  .bPDn=  .bPA.  (1) 

If  the  tank  is  not  bolted  or  anchored  in  some  manner  to 

the  foundation,  its  resistance  to  sliding  motion  equals  its 

total  weight  M  into  its  coefficient  z  of  friction  (mean  coet 

about  .25) ;  hence  the  product  zM  =  M^  must  be  greater 

than  .5PA,  or  the  tank  must  be  anchored  in  position. 

556.    Tendency  to   Overturn.  —  Tank    stand-pipes 

/  that  are  relatively  tall  usually  lack  stability  against  ten- 

/  dency  to  overturning  when  a  very  strong  wind  is  pressing 

/    on  them. 

'  We  have  in  the  last  section  foand  the  total  pressure  of 

wind  on  a  plain  vertical  cylindrical  tank  to  be 


1 


W  =  .5PA. 

This  pressure  is  distributed  over  an  entire  semi-circum- 
ference of  the  tank,  but  for  computation  of  its  eflFect  we 
may  consider  its  centre  of  pressure  and  resultant  as  acting 
\  upon  the  centre  of  gravity  of  the  vertical  diametrical  plane 
\  which,  in  the  plain  tank  of  equal  diameter  throughout  its 
^height,  is  at  the  centi-e  of  height,  =  ^H\  therefore  the  lev- 
er.iire  action  in  such  case  equals  \H^  and  the  moment  of 
wind  force  TFi,  tending  to  overturn  the  tank,  equals 

W,  =  (.5P.4)  x^/f  -T-  .57).  (2) 

If  there  are  external  cornices,  ornaments  or  stairways, 
their  wiiul  resultants  must  be  computed  and  included 
in  Wx. 

The  nionient  of  resistance  J/j  of  the  empty  tank  to  Xh^ 
mouuMit  of  wind  force  equals  its  total  weight,  M^  into  tli« 
resisting  leverage  of  one-half  the  diameter  of  the  base. 
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M,  =  \I>M;  (3) 

hence,  the  moment  M^  =  ,^DM  must  be  greater  than  the 
moment  W^  =  ,hHW  -f-  .5/>  or  the  tank  must  be  anchored 
in  position. 

Table  No.  117  illustrates  these  wind  and  weight  effects 
on  empty  tanks. 

TABLE      No.      117. 
Tank  Stabilities  of   Position. 

(/'=40  lbs.  per  sq.  ft.,  Z?=diam.  in  ft.,  //=height  in  ft.) 


• 

Weight  of  Tank 

•2 

ent 

1     "Si 

Diameter. 

• 

% 

£     1 
p5 

■2    > 

1      II 
.2    >,- 

Leverage  Mom 
of  Weight. 

1  1  i 

i  0    II 

Feet. 

Tons. 

1 

Tons.                  Tons. 

1 

Tons. 

Tons. 

lO    X 

100 

16. 

10                    4 

80. 

100       1 

15    X 

100 

31.5 

15                     7.875 

236.25 

100      1 

20    X 

100 

45. 

20                  11.250      1 

450- 

100      1 

25    X 

100 

80.5 

25                  20.125      ' 

1006.25 

100     1 

30   X 

100 

112. 8 

30 

28.200 

1 

1692. 

100     1 

When  the  leverage  moment  of  wind  TF,  on  the  emptj 
tank   exceeds   the  leverage  moment  of   weight  3/„    the 
deficiency  is  covered  by  bolting  the  base  of  the  tank  to  ij 
foundation,  of  diameter  D,,  in  feet. 

The  weight  of  anchorage,  B^  clasped  by  the  bolts  shou 
for  factor  of  safety  equal  2,  be  not  less  than 


„_(.5//)  +  6xr 


in  which  b  equals  the  depth  the  bolts  extend  into  tne 
masonry  foundation.  The  anchor  bolts  must  increase  t&e 
friction  coefficient  or  resist  the  shear  when  frictional  sta- 
bility is  less  than  weight  of  tank. 

Both  the  breadth  and  batter  of  the  foundation  and  sta- 
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bility  of  the  masonry  should  be  increased  as  the  indim- 
tion  of  the  resultant,  x^  y.  Figs.  143,  144,  decreases. 

557.  Tank  Materials. — In  metal  tank  ccmstmctioi 
there  is  much  that  is  parallel  with  good  boiler  manufacluib, 
but  the  tanks  are  not,  in  use,  subjected  to  the  blistering 
effects  of  hot  furnace  gases,  or  to  so  great  a  range  of  expan- 
sion and  contraction. 

Tall  stand-pipes,  that  are  not  inclosed,  are  subject  to 
intense  pressure  strains  tending  to  tear  ofien  their  vertical 
joints,  and  intense  leverage  strains  tending  to  tear  opeo 
horizontal  joints  near  their  bases. 

A  portion  of  the  upper  section  of  the  tank  of  medium  or 
small  diameter  requires  only  a  thin  sheet  of  metal  to  with 
stand  the  pressui-e  of  the  water  alone,  but  a  surplus  of 
metal  is  usually  necessary  near  the  top,  to  give  the  desiml 
rigidity,  and  in  many  cases  to  resist  the  strain  from  w 
that  may  form  on  the  surface  of  the  water  when  it  is  quiet. 
Sheets  o{  lower  ^ections  have  more  pressure  strain  antl 
iviniire  a  l^etter  quality  of  material,  while  the  lower  sheets 
of  tall  piix^  demanii  all  the  l)est  qualities  of  first  class  iron 
or  steel  N»iler  plates,  and  should  l>e  thoroughly  inspecte<l 
as  to  thickness,  tensile  strength,  and  ductility,  and  be  free 
from  "ci>M -short''  or  brittle  qualities. 

A  v%  eight  *  test  of  e:ich  sheet  is  a  convenient  check  on 
the  accuracy  of  the  gauge  test  of  thickness,  and  the  usual 
ivlvl  Ivnd  tests  aloui:  and  acro<ss  the  grain  give,  in  the  most 
simple  manner,  indictuions  f>f  the  imperative  qualities  of 
touclmess  and  ductility  of  the  plates  and  rivets. 

For  i\  liable  eonij^vmuive  tests  of  ultimate  tensile  resist- 
aiuv,  limit  of  elastioity  and  uniformity  of  texture,  resort  is 
l\ad  to  a  testinc  machine  adapted  to  such  experiments. 


*  Vv!^  n-VNo  U¥>  r«^4r^  for  wvi|ilite  of  mete]  plaUM. 
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ietals  used  for  high  pressures  should   be  selected   from 
lates  that  have  been  branded  with  the  name  of  the  mauu- 
urers  and  tensile  strength. 

Internal  laminations  in  thick  platea  of  iron  or  puddleti 
steel,  caused  by  imperfect  welds  under  the  rolls ;  internal 
porous  strata  of  cinder  nr  sand,  and  internal  blisters  may 
he  detected  only  by  cai-eful  tapping  hammer  teats. 

Some  careful  experiments  have  been  made  to  ascertain 
the  comparative  resistances  of  iron  and  st<>el  to  rust,  when 
in  contact  Hitli  water,  and  the  advantage  was  found  to  be 
slightly  with  the  iron,  therefore  the  reduction  of  thickness 
of  steel  plates  for  a  given  strength  may  be  offset  by  the 
weakening  effects  of  oxidation. 

558.  Riveting. — As  plates  are  always  weakest  along 
the  lines  of  rivet  holes,  their  ^ditionaJ  thicknesses  to  give 
joints  the  required  strengths  will  be  considered,  or  included 
in  the  magnitude  of  the.  factor  of  safety,  when  adjusting 
their  proportions. 

In  punching  plates,  the  holes  are  laid  out,  so  far  as  pos- 
eable,  to  retain  at  least  seventy  per  cent,  of  the  area  of  the 
sheet  along  the  punched  section,  and  on  the  other  hand  the 
rivets  aiv  as  large  as  necessary  to  limit  the  pressure  on  the 
rivet  bearing  of  the  punched  hole  to  1.")0<K)  [xjunds  per 
square  inch  of  "bearing  area,"  so  called,  which  is  found  by 
taking  product  of  diameter  of  hole  into  thickness  nf  plate. 

Various  esperimentj*  .show  the  illative  strengths  of  riv- 

E in  one-half  inch  plates  to  have  men n  values  of 
ingtii  of  the  plates  about  as  follows  : 
ngth  of  unpunched  plate i.oo 
"  "  single  riveted  lap  joint -5' 
"  "  double  "  "  70 
"  "  "  "  single  welt  joint. .  ,65 
"         "       "          "        double  "elt  joint.       .78 
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These  percentages  aie  slightly  greater  in  tiiinnaMil 
slightly  less  in  thicker  plates. 

T>oiible  riveting  of  the  vertical  lap  joints  saves  aoaddi 
lion  of  from  twelve  to  fifteen  per  cent,  to  the  thickness  ol 
the  plat«4,  to  cover  weakness  of  joints  under  heavy  presson 
of  water,  and  the  butt  joint  with  double  covering  plate  gim 
a  alight  additional  »aving. 

The  rivets  in  the  lower  horizontal  joints  of  tall  etaod- 
pipes  wiU  t>e  relieveil  of  much  ahearing  strain  if  the  jointo 
are  butted  and  covered  with  double  welt  plates.  The  mean 
ultimiite  shearing  strength  of  each  rivet  is  abont  three- 
fourths  its  ultimiite  tensile  resistance. 

The  entire  hip  of  n  single  riveted  joiDt  is  about  three 
times  and  of  a  double  riveted  joint  about  five  times  the 
diameter  of  the  rivet,  while  the  width  of  the  covering  plate 
for  a  double-riveted  joint  is'uine  or  ten  diameters  of  the 
rivet. 

The  coverin;;  plates  for  single  riveted  joints  shonid  he 
slightly  thicrker  than  the  tank  p!at«*  they  cover. 

Those  plates  subjet't  to  great  pressure  should  have  tlieir 
edge.-*  pljtne<l  so  that  the  calking  may  be  moi-e  uniform  and 
reliable. 


Stkki.  1{[vkts  i> 


TAB  L  E      No.      118, 

^Ti::  I.  l*i,\TK-.()it  Ihox  l[rvi:r 


('...■f,  f.ir  trii.l.' 
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i 

ll! 
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a 

3! 

1    ^A 

'(. 

3-,\ 

3l 

S 

I 

.U 

A 

■54 

sa 

.,. 

.51 

-5' 

.70 

*9 

-«7 

.ftr 

.tA 

.77 

7: 

■_" 

.7* 

.74 

3)    3i    3l   3l]ll 

4i    j!    4j     4     i 

4g;.45  -42  .3«.4" 
f)?  .64  .64  Mn.ta 
74    7      71    -jr^'.ti 
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6S9.  PreH8ui*e8  in  Inclosed  Stand-Pipes. — In  a 
tank  containing  water,  and  protected  from  the  forces  of  the 
winds,  the  bursting  pressure  p  of  the  water  per  square 
inch  on  the  interior  surface  of  the  tank  shell  is  directly  as 
the  head //of  water  on  the  given  inch,  and  in  pounds  per 
square  inch  equals 

p  =  .434/^.  (6) 

The  theoretical  thickness  t  of  the  circular  metal  sheet  at 
any  given  depth  from  full  water  surface  may  be  computed 
by  the  formula  heretofore  given  (§  446,  p.  448)  for  cylindri- 
cal shells,  viz. : 

in  which  t  =  thickness  of  metal  sheet,  in  inches. 

p  =  pressure,  for  given  depth  H^  in  pounds  per 

sq.  in. 
r  =  radius  of  cylindrical  shell,  in  inches. 
B  =  ultiuiate  cohesion  of  metal  used,  in  lbs.  i)er 

sq.  in.  and  c  the  coef .  of  joint  strength. 
f  =  factor  of  safety  adoj)ted. 

560.  Fact€>rs  of  Safety. — In  tall  stand-pipes  the  risk 
of  ruptui-e  in  tlie  joints  increases  more  nipidly  with  depth 
below  water  surface  than  the  ratio  of  thic'kness  of  metal, 
due  to  pressure*  alone  ;  hence  the  coeflScieiit  should  increase 
with  the  depth,  say  from  3  or  4  for  twenty-five  feet  depth 

ta.5  or  6  for  one  hundred  and  fifty  feet  depth. 

The  increase  of  the  fjictor  of  safety, /',  may  follow  nearly 
as  2  plus  the  fourth  root  of  the  depth,  whence, 

/=2  +  //»5  (8) 
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Serenl  values  of  /  thus  obtained  are  given  in  lUb 
No.  119,  (assnming  s  =  55000  and  c  =  .67), 

cs 

TABLE     -No.      119. 
Factors  for  Steel  Stand  Pipes. 


Depth  =//, 
in  feet. 

1 

IVf  ufc  =  A 
in  lbs. 

Factor  =  /. 

^ 

H 

/=^34/^ 

/=2  4-//*» 

CM 

20 

%.t% 

4. 1 14 

.000969 

25 

10.85 

4.236 

.001247 

30 

13.02 

4.340 

.001534 

35 

15.19 

4.432 

.001827 

40 

17.36 

;       4.515       : 

.002127 

50 

21.70 

1       4.659 

.002744 

60 

26.04 

4.783 

.003380 

80 

34-72 

4.99^ 

.004702 

100 

43.40 

'       5.162 

. 006080 

120 

52.08 

i                    5.310                    1 

.007504 

140 

60.76 

5440 

.008969 

160 

69.44 

5.557       1 

.010471 

180 

78.12 

5.663 

.012005 

200 

86.80 

5.761 

.013569 

225 

5.873 

250 

5976 

The  quotient  of  {//))  -^  rs  into  the  radius  in  inches 
gives  the  thickness  of  slieet,  in  inches,  for  the  given  depth, 
to  renist  p/'es6' lire  0/  water  only. 

5VA.  (Jrades  of  MetalH. — Pressure  alone  requii-es  but 
very  thin  sheets  of  iron  in  the  upper  sections  of  small  pipes, 
not  enough  to  give  the  re(|uired  rigidity.  The  upper  sheets 
are  liable  to  the  most  r«i])i(l  deterioration  by  oxidations  of 
any  i)ortion  of  the  pii)e,  where  they  are  subject  to  frequent 
alteinate  wettings  and  dryings  by  rises  and  falls  of  the 
w^ater,  and  are  moat  liable  to  strains  by  ice  ex|Hinsion,  if 
the  water  suri'ace  is  quiet  during  very  cold  weather. 

For  such  reasons  the  upper  sheets  should,  in  practice. 
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be  not  less  than  three-sixteenths  indi  thick,  with  a  stiffen- 
•ing  angle-bar  at  the  top,  and  usually  the  top  sheets  are  one- 
qiiai-ter  inch  thick. 

When  the  computed  pi-essure  strain  calls  for  iron  or 
steel  sheets  exceeding  about  one-quarter  inch  thickness,  it 
is  advisable  for  economy  to  use  a  good  grade  of  metal, 
having  ultimate  tensile  strengths  of  at  least  45000  or  55000 
pounds  per  square  inch,  for  iron  and  steel  respectively. 

The  upper  sheets,  where  there  is  a  large  surplus  of 
thic^kness,  may  be  of  a  lower  grade  of  iron,  or  28000  to 
30000  pounds  tensile  resistance  per  square  inch. 

5(i2.  Limiting  DeptUs  and  Thicknesses  of 
Metals. — ^Transposing  the  formula  of  thickness  for  vary- 
ing pressures  and  diameters. 


t  =  r  X 


cs  cs       ' 


we  have  the  formula  for  depth,  H^  to  which  different  thick- 
nesses  of  sheets  for  varying  diameters  of  tanks,  may  extend, 
to  sustain  the  internal  pressure,  with  the  given  factor. 

.484/r       :2T7^'  ^  ^ 

in  which  t  =  thickness  of  the  metal  sheet,  in  inches. 

s  =  ultimate  cohesion  of  metal  used,  in  lbs.,  per 

square  inch 
d  =  diameter  of  tank,  in  inches. 
If=  depth  from  surface  of  water,  in  feet. 
\f  =  factor  of  safety  used,  and  found  by  interpola- 
tion in  the  above  table,  No.  119,  of  factors. 

Table  No.  120,  based  on  tlie  above  formula  for  ZT,  will 
show  at  a  glance  the  limiting  depths  below  full  water  sur- 
face, at  which  given  thicknesses  of  sheets  must  be  changed  in 
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incloseil  tanks,  for  various  diameters  of  tanks,  when  flidr 
sheets  varv  in  thickness  bv  sixteenths  of  an  inch. 

For  instance,  in  the  ten  feet  diameter  tank  the  tV  steel 
must  not  extend  to  more  than  59  feet  below  full  water  sur- 
face: \"  steel  to  7i«  feet  depth;  A"  steel  to  06  feet  depth; 
and  so  on,  by  sixteenths,  the  |"  steel  not  extending  below 
159  feet  depth. 

5G:i.  Thicknesses  of  Metals  GraphieaUj-  Shown. 
~  The  depths  at  which  the  thicknesses  of  metal  sheets  of 
inclosed    stand-pipes  may  be  most  economically  retiuced 
from  the  l^se  upward,  using  any  assumed  factor  of  safety, 
will  l>e  3hown  grapliically,  thus ;  plot  the  entire  depth  of 
^^•ater  to  si^le  in  a  vertical  line,  as  an  absciss,  as  in  Figs. 
143  and  144,  on  a  scale,  say  of  ten  feet  to  the  inch ;  plot 
the  cominiteil  thickness  of  sheet  at  the  Iwse  as  a  faorizontd 
onlinate  from  the  fotit  of  the  absciss;  draw  this  ordinate 
on  a  large  si-ale,  ?<iy  4  inches  on  a  line  equal  I  inch  thick- 
ness of  !iietal  sheet :   divide  the  portion  of  the  ordinate 
repivsenring  one  inch  into  sixteen  equal  parts ;  connect  the 
extreme  of  the  ordinate  with  the  top  of  the  absciss  with  a 
stniight  inclineil  line  if  the  ssime  factor  of  safety  is  used 
for  all  depths  uf  water:  project  vertical  lines  from  each 
sixteenth  division  i»n  tlie  base  ordinate,  cutting  the  inclined 
line  :  itwn  th^^  d^jnhs  from  the  top  by  scale  at  which  the 
>i\>^Ti:ii  divisi«»ns  cur  the  inclined  line  will  be  points  of 
.  ...,:•».    s'lf'ir-  r   to  stanilanl   widths  of    sheets  that   are 
1^:.       .  :::  :•.!•  k:v.<>  I  y  >ixteenths  of  an  inch.     If  a  ^•arying 

•   :    ^L    H^iiry   i  i    .iiiTt-rent  depths  is  used»   then   the 
iiv  *.  ::    I  l''i-  wi'l  '?v  >Ii-:utiy  ciirvevl  to  correspond  with  the 

ri(V4.  Kxposed  Stan<l-Pii#es. — Considering  the  strains 

ujH^ii  tht'  metals  ne;ir  the  Kises  of  relatively  tall  uninclosed 
staud-pij^^s,  by  wind  pressure  leverages  that  tend  to  over- 
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the  structures,  we  find  that  these  strains  are  acting 
1  greatest  force  on  the  horizontal  joints  and  their  tend- 
JDcy  13  to  rupture  the  metal  along  horiyxintal  lines. 

We  found  (§556,  p.  588}  the  leverage  moment  of  the  wind 

I  may  safely  assume  a  maxiraiim  pressure  P  of  the  wind 
)  pounds  per  square  foot. 

Assuming  that  a  relatively  tall  stand-pipe,  if  uninclosed, 
fill  lack  both  frictional  iind  leverage  stability  unless  an- 
hored  to  its  foundation,  and  that  Ihe  lank  will  be  Iwltwi 
to  an  ample  weight  of  foundati<m  to  remain  stable  in 
position,  then  we  may  consider  the  empty  tank  as  a  vertical 
cantilever,  and  the  leverage  action  of  the  wind  W^  as  tend- 
ing to  rupture  the  shell  at  the  base  where  its  anchorage 
bolts  take  hold,  or  its  lower  horizontal  joints. 

The  moment  oi"  resistance  of  the  tank  shell  must  at  least 
equal  the  total  wind  pressure  W  into  its  leverage  = 
W  X  .511. 

In  a  vertical  hollow  cylindrical  tank,  secured  at  its  base, 
the  resistance  of  the  metal  at  the  base  equals,  very  nearly, 
one-half  the  area  of  the  horizontal  section  of  metal  into 
radius  of  the  cylinder,  into  the  tensile  resistance  per  unit 
of  section  of  riveted  metal,  s,. 

If  the  dimensions  of  metal  are  taken  in  inches,  and  W 
is  the  total  jiressure  in  pounds,  and  s,  is  the  tensile  resists 
ance  of  the  riveted  metal  in  pounds  per  square  inch,  then, 
for  thickness  at  distance  A  below  top  of  tank,  neglecting 
1^  factor  of  safety, 

W=  rrt,  i^lli£)  ^-^=  3.141Cri.  x  X^  (10) 

7iW  hW  ITW  ,     , 


"6.a83'2/-X        1.57l'8rf"j!, 
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h  "  H 


(12) 


Tr=  total   pressure   force  of   wind,   in  pounds  = 

J>PDIL 
8  =  ultimate  cohesion  of  metal,  and  *,  of  riveted 

metal,  in  pounds,  per  square  inch. 
D  =  mean  diameter  of  tank  shell,  in  feet,  and  d  in 

inches. 
H=  depth  below  top  of  tank,  in  feet,  and  %  in 

inches. 
t^  =  thickness  of  metal  shell,  in  inches,  at  depth 

//,  that  will  just  balance  the  wind  leverage. 

Testing  this  formula  for  coefficients  by  four  experi- 
ments by  Sir  Wm.  Fairbaim,  on  thin  hollow  cylindrical 
beams  supported  at  both  ends  and  loaded  in  the  middle, 
and  taking  breaking  uniform  load  on  a  cantilever  as  equal 
.r)ir,  and  .y  =  48000,  we  have  in  table  No.  121  a  mean 
coefficient  equal  .712. 


TABLE      No.      121. 

Experiments  with  Hollow  Cylindrical  Beams. 


Breaking  Load. 

pounds. 

1 

Diameter, 
inches. 

12. 
12.4 
17.6S 
18.18 

Thickness, 
inches, 

•037 

.113 
.0631 

.119 

Sfian. 
fccU 

17- 
15-625 

23417 
23417 

1 

CocfficienL 

1 

.1 

1 

2757- 
1 1637. 

^573- 
14628. 

!           .700 

'Hi 
.621 

.693 
Mean  .712 

Taking-  v  ns  tli(»  tensile  strength  of  the  plates,  and  affix- 
ing to  \\w  hisi  two  i'ornuilas  the  coefficient  of  joint  strength, 
i\  and  ji  i'aetor./',  of  safety,  we  have 


t.  = 


:M416cr'«      6.2832cr'«       .ia09ccP« 
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.fII*P       ^  .02652ii/IPP  , 


^  /IT     -  =  V^ Jp—^  (15) 

n  =      /^i*      ^  •  026526/fl»P  , 

It  will  be  observed  that  this  equation  of  t^  to  resist  wind 
leverage  is  entirely  diflfei-ent  from  the  equation  of  <  =  ^^ 

Co 

for  static  pressure  of  water.  This,  in  tall  pipes,  increases 
as  diameter  decreases,  while  thickness  for  bursting  pressure 
increases  as  diameter  increases,  so  that  if  a  series  of  each 
for  similar  conditions  are  plotted,  their  directions  will  be 
nearly  at  right  angles. 

The  greatest  thickness  given  by  either  formula  for  given 
height  and  diameter  will  be  used,  or  if  computing  for  the 
depth  to  which  a  given  thi(»kness  of  sheet  may  be  used  in 
a  given  diameter  of  tank,  then  the  least  depth  by  either 
formula  will  be  used  in  the  exposed  tank. 

To  the  thicknesses  thus  determined,  with  a  factor  of 
safety  of  from  3  to  5,  an  addition  should  be  made  in  the 
middle  and  lower  portions  of  tall  pipes  to  offset  weaknesses 
from  possible  corrosions  of  the  metal,  so  the  factor  of  safety 
may  be  mainbdned  for  a  long  series  of  years. 

Frequent  inspections  and  paintings  are  necessary  for 
the  long  endurance  of  exposed  tank  stand-pipes,  and 
especial  pains  are  to  be  taken  to  keep  the  cornice  moldings, 
stiffening  angles,  exterior  and  interior  ladder  joints,  and 
other  detiiils  well  protected  with  paint. 
:  .  564a.  Stand-Pipe  Cut-offs. —  If  an  independent  force- 
main  extends  from  the  pumps  to  the  stand-jupe  tank,  a 
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valve  may  be  placed  in  this  main  within  the  pump-house, 
for  the  purpose  of  shutting  off  and  preventing  overflow  of 
the  tank  when  an  increased  fiie  pressure  is  to  be  put  on  the 
geneml  system.  If  the  tank  is  on  the  side  of  the  distribution 
opposite  to  the  pumps,  as  is  often  desirable,  and  is  not  suffi- 
ciently elevat<?d  for  direct  fire  pressures,  then  a  valve  of 
damper  form  may  be  placed  in  the  inflow-pipe  at  the  tank. 

These  last  devices  may  be  operated  by  the  engineer  at 
the  pump-hcnise,  or  by  the  fire-alarm  electric  circuit 

565.  Stniid-Pipe  Data.  A  table  of  data  relating  to 
some  of  the  tank  stand-pipes  constructed  within  a  few 
years  past  has  been  hereto  appended,  and  covers  a  large 
range  of  practice. 

Slender  and  tall  stand-pipes  are  generally  inclosed  in  a 
masonry  tower. 

Most  of  the  short  tanks  named  of  large  diameter  are 
mounted  on  masonry  towers  or  iron  trestles  and  are  not 
inclosed. 

Many  viUages  in  the  Middle  States  use  tanks  of  wood 
with  tliree  or  four  inch  staves  hooped  with  iron.  Such 
tanks  ar(>  fifteen  to  thirty  feet  diameter,  and  twelve  to 
twenty  feet  high,  and  are  usually  mounted  on  a  wood 
trestle. 

We  Iiave  given  illustrations  of  inclosed  stand-pipes  used 
at  South  Boston,  Mass.,  Milwaukee,  Wis.,  and  Toledo, 
Ohio,  and  of  exposed  stund-pipes  at  South  Abington, 
Mass.,  and  Fremont,  Ohio,  and  other  places. 

In  proportioning  masonry  towers  for  stand-pipe^  the 
wind  levemge  action  on  the  windward  and  resistance  on 
the  lee  side,  and  the  limiting  pressures  in  the  masonry  are 
to  be  considered,  also  the  limiting  pressures  in  the  founda- 
tions, as  affected  by  weight  carried  and  wind  pressure 
leverage. 
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LOCATION, 


Wichita,  Kan 

Danville,  111  , 

Louisville,  Ky 

Shelbyville,  111   

Henderson,  Ky.  ... 
Cambridge,  Mass     .  .. 

Toledo.  O 

Catasaqiia,  Pa 

Krie.  Pa  

Milwaukee.  Wis , 

New  York  City,  N.  Y 

Belleville,  N.  J 

Allentown,  Pa 

Bristol.  Pa 

Joliet,  111    

Burlington,  Kan  

Carlyle,  III 

M     Pleasant,  la 

Arkvms;is<:itv,  Kan.. 

Ottawa,  Kan 

Marion,  Kan 

Oswego,  Kan 

G.irdcn  City,  Kan . . . . 

Landale,  Fa.   

Lawrenceville    N,  J . . 

S^indwich,  HI 

Caldwell,  Kan 

^odgeCil>',  Kan 

Kl  Dorado,  Kan , 

<;re.it  Bend,  Kan.    ... 

Hiawatha,  Kan 

Paohi.  Kan    

Kaslon,  Md 

Columbus.  Neb 

St.  Paul    Neb 

AsbuTT  Park,  N.  J  . . . 

Lewisburg,  Pa. 

Gonzales,  Tex. . . , 


F«t. 


Height 
Fe«t. 


i 


i 
i 

X 

t 

t 
A 
A 
A 
A 
J 
i 

A 
A 
A 
A 
A 
A 
i 

t 

I 
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Stand-Pipb  Data — CofUmued. 


LOCATION. 


Orlando,  Fla 

Beaumont,  Tex. 

Maquoketa,  la 

Pif)e  Stone,  Minn 

Cliillicothe,  Mo 

Falls  City,  Neb 

Maquoketa,  Pa 

Selma,  Ala 

Freeport,  111 

Sycamore,  111 

Crawfordsville,  Ind 

Concord,  Kan 

Harper,  Kan 

Baton  Rouge,  La 

Pierce  City,  Mo 

Sedalia,  Mo 

Waterloo,  N.  Y 

Dallas,  Tex 

Denison,  Tex 

Menomonie,  Wis 

Lincoln,  111 

Mt.  Vernon,  Ind 

Kinsley,  Kan 

Gravesend,  N.  Y 

Middletown,  Pa 

Se^in,  Tex 

Victoria,  Tex  

Black  River  Falls,  Wis. . 

Aurora,  III. 

Lansing,  Mich 

Lincoln,  Neb 

I  )avton,  O 

C:iiarlotte,  N.  C 

Cloucester  City,  N.  J .    . 

Charleston,  S.  C 

Brenhani,  Tex 

Lexington,  Mo 

Mar}'viIIe,  Mo 


Diameter. 
Feet. 


Heig^ht 
Feet 


2 
2 

2i 

2i 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
6 

6 

6 

6 

6 

6 

6 

6 

8 

8 

8 

8 

8 

8 

8 

8 

8J 

8j 


125 

lOO 

So 

lOO 

140 
100 

80 

120 

88 

135 

75 
100 

100 

85 
125 
130 

116 

125 
80 

100 

130 

120 

250 
140 
100 
100 

100 

152 
152 

75 
148 

1 10 

75 
76 

•  •  • 

150 
130 


Thidmess 
of  base. 
iDchea. 


TUckiM 
of  tup. 
lochet. 


i 
i 
i 


i 
i 


i 
I 
i 
i 

i 
i 


I 
3 

i 

3 

'A 
3 

4 

i 
i 


i 

i 


4 
i 
f 


•    m 

t 

i 
i 
I 

i 

I 

4 

I 
iV 

!»* 
3 

i 
i 
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Stand-Pipk  JiKX/L—Cmtmued. 


Vonkers,  N.  Y 

Pensacola,  Fla 

Kankakee,  111 

Sterling,  HI    

Beloit,  Kan 

L^iwrence,  Kan 

Dedham,  Mass 

Lexington,  Mass 

Middleboro,  Mass 

Whitman,   Mass 

Houlton,  Me 

AllisDCe,  O   

Ashtabula,  O 

Painesville,  O   

Salisbury,  N.  C 

Wilmington,  N.  C 

Perth  Amboy,  N.  J 

Princeton,  N.  J , 

Adams,  N.  Y 

Coney  island.  N.  Y 

Flatbush.  N.  Y 

Fulton,  N.  Y 

Newark,  N.  Y 

Cleburn,  Tex 

Beaver  Dam,  Wis.    . . . 

Manitowoc,  Wis 

Macon,  Ga.   

Greencastle,  Ind 

Paducah,  Ky 

Granville,  O 

Warren,  O 

Nantucket,  Mass 

Florence,  Kan 

Abington  &  Rockland,  Mass 

Rockland,  Mass   

Rochester,  Mich 

Rochester,  Minn 

St.  Cloud.  Minn 
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LOCATIOW, 


Fremont,  O  

Massillon.  O    

Ml  Vernon,  O 

Sanduskv,  O 

Atlanuc'Citjf,  N.J... 

Greenbush,  N.  Y 

Ciccn  Island,  N.  Y... 

Homer,  N.  Y 

Chippewa  Falls,  Wis. 

Radoe,  \Ms. 

rottage.  Wis 

Belle^le,Ont. 

Roroe.  Ga 

Sai'aanah.  Ga - 

Newton.  Kan 

BrooklJne.  Mass 

Sprinjrfield.  O  30 

WhiK  Phins.  NY 30 

WesterU-.  R   1 30 

\\  oonsvirket.  R.  L 30 

Houston.  Tex  30 

BJraboo^  Wis  30 

CiirnwalU  Ont ^o 

HoboVen.  N.J 30 

Hoiikiiiton,  Mass.    35 

(ijino-.  Miss 35 

Aui:usri  Gj .i7  &  I 

ArmiKi'T?.  Alt. . 


Mt- 


;  V  -it.  . 


A.:.>n.  ir. 

N.   \"-i^-y    Misf 


40 


•J..  M.i; 
,;:h.  M.t> 


150 
56 
229 
'3» 


i 
i 

a 

a 
t 

t 

A 
I 
i 
) 

ft 
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CHAPTER  XXVI. 

SYSTEMS   OP  WATEB   8CPPLT. 

566.  Permanence   of  Supply  EssentlaL— Let  the 

rojwtor  of  a  public  water  sujiply  first  make  himself  famil- 
with  the  possible  scope  and  objects  of  a  good  and  ample 
^st^^m  of  water  supply,  and  become  fully  conBcious  of  bow 
Intimately  it  is  to  be  connectt'd  with  the  well-being  of  the 
people  and  ttieir  active  industries  in  all  departments  of  their 
arts,  mechanics,  trade,  and  commerce,  as  well  as  in  their 
culinary  operations,  and  let  him  also  appreciate  the  conse- 
quences of  its  failure,  or  partial  failure  after  a  season  of 
success. 

When  the  people  have  become  accustomed  to  the  ready 
Bow  from  the  faucets,  at  the  sinks  and  basins,  and  in  the 
shops  and  warehouses,  then,  if  the  pumps  cease  motion  or 
the  valve  is  closed  at  the  reservoir,  the  household  oper- 
ations, from  laundry  to  nursery,  are  brought  to  a  stand- 
still— engines  in  the  shops  cease  motion,  hydraulic  hoista 
and  motors  in  the  warehouses  cease  to  handle  goods,  rail- 
way trains,  ocean  steamers,  and  coasters  delay  for  water, 
and  a  general  paralysis  checks  the  busy  activity  of  the 
city.  What  a  thrill  is  then  given  by  an  alarm  of  fire,  be- 
cause there  is  no  pressure  or  Bow  at  the  hydrants  I 

The  precious  waters  of  the  reservoirs  preside  over  citieB 
with  protecting  influences,  enhancing  prosperity,  comfort, 
safety  and  health,  and  are  not  myths,  as  were  the  goddeseee 
in  ancient  m^-tliolotry,  presiding  over  harvests,  flowers, 
fhiits,  health  and  happiness. 
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Let  the  designer  and  builder  of  the  public  water  system 
feel  that  his  work  must  be  complete,  durable,  and  muail- 
ing,  and  let  this  feeling  guide  his  whole  thought  and 
eneig^v,  then  there  is  little  danger  of  his  going  astray  as  to 
systt^m,  whetlier  it  be  called  **  gravitation,"  "resenroir," 
*' stand-pipe/'  or  ''direct  pressure,"  or  of  his  being  enam- 
onnl  with  lauded  but  suspicious  mechanical  pumping  au- 
tomatons, and  uncertain  valve  and  hydrant  fixtures. 

When  tlie  people  have  li^itmed  to  depend^  or  must  of 
necessity  depend,  upon  the  public  pipes  for  their  indis- 
pensable water,  it  must  flow  unceasingly  as  does  the  blood 
in  our  veins.  All  elements  of  uncertainty  must  be  over- 
come«  and  the  safest  and  most  reliable  structures  and  ma- 
chines be  provided. 

Many  timers  in  different  cities,  a  neglect,  apparently 
slights  h;is  ov>st«  tlirough  &Uuiv,  a  fearful  amount,  when 
KUTifiivil  life  and  trvsisurv  and  a  broad  snioulderimr  swath 
aor\*ss  the  oity  werv  the  penalty.  Having  water-works  is 
not  alw^iys  having  full  protection,  unless  they  are  folly 
aii;\|uaio  for  tho  uu>^t  trying  hour. 

«m7.  MothtMis  of  lYatheriug:  and  Delivering  Water. 
— Thorv  is  no  my steiy  about  '•4ty#/<fWM'"  of  wator  supply, 
as  tliey  havt*  of  late  been  often  classified.  The  problem  is 
simply  to  a\itv4i  out  the  bes<  method  of  gathering  or  secur- 
iiu:  an  ample  supply  of  wholesome  water*  and  then  to 
dovi:j^^  the  best  methvxi  of  delivf«ing  that  supply  to  tbe 

r>.;ally  there  is  one  ;«ouiw  whose  merits  and  decierits» 
\\';;^*;  i:\:olV.c^*:::-v  ox:in::nr:\i,  fiivKwablv  outweiirlis  the 
:v.  -  :>  .v,  I  -I  ".*-:r.:s  v^:'  -txcr:  acrl  everv  oilier  >«Min>\  an-: 
:':  ^/  *s  ;:s';AVy  :r-.^  r.::'-:h>i  of  delirety  that  is  conspi<ii 
0  ;slv  Kct.r  ::^i  '  sill  .s:h.-ers.  wben  all  the  local  exigeDd£& 
&>x*  ^vu  and  tVrt-^va. 
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The  usnal  methods  of  gathering  the  required  supply  are, 
Co  imiKmnd  and  store  the  rainfall  or  flow  of  streams  aihong 
the  hills  ;  draw  from  a  natUi-al  lake  ;  draw  from  a  running 
liver ;  or  draw  from  an  artesian  well. 

The  usual  methods  of  delivering  tvater  are,  by  gravita- 
feon  from  an  elevated  impounding  basin  ;  elevation  by 
Bteam  or  water  power  to  a  reseiToir  and  from  thence  a  flow 
by  gravity ;  elevation  to  low  and  high  service  reservoirs, 
and  from  thence  flow  by  gravity  to  respective  districts  ;  and 
by  forcing  with  pn^ssun^  direct  into  the  distribution-pipes^ 
and  cushioning  tlie  mot  on  by  a  stand-pii)e,  or  ample  air- 
vessel  and  r(»lief  valve. 

i>08.  Choice  of  Water.  —  The  pumped  supplies  are 
usually  drawn  from  lake,  river,  or  subterranean  sources. 

The  S(*l(*ction  of  a  lake  or  river  water  for  domestic  use  is 
to  be  governed  by  considerations  of  wholesome  purity  ;  and 
dantiousni^ss  of  linancial  expenditure  must  not  in  this  direc- 
tion exert  too  strong  an  influence  in  opposition  to  inflexible 
tonitary  laws. 

This  s<Oection  involves  an  intelligent  examination  of  the 
origin  and  character  of  the  imjjregnations  and  suspended 
impuriti(»s  of  the  water,  and  the  possibility  of  their  thorough 
clarification. 

None  of  the  wat^TS  of  Nature  are  strictly  pure.  Some 
of  the  impurities  are  n^ally  beneficial,  while  others,  which 
are  often  present,  are  not  to  be  accept<»d  or  tolerated.  A 
inere  suspicion  that  a  watcT  supply  is  foul  or  unwhoh^some, 
feVen  though  not  based  on  substantial  fact,  is  often  a  serious 
financial  disadvantage  ;  therefore  earnest  eflbrt  to  maintain 
the  purity  of  the  water  must  extend  also  to  the  removal  of 
(iauses  of  suspicion. 

'     Chemical  science  arid  microscopy  are  valuable  aids  in 
llitis  portion  of  the  investigation  of  the  qualities  of  waters  : 
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bat  we  have  detaQed  in  fhe  first  part  of  this  tieatiae  n 
minutely  the  natore  and  source  of  the  chief  impurities,  and 
so  carefully  pointed  out  those  that  are  comparatiyely  harm- 
less and  those  tliat  are  deadly,  tliat  an  intelligent  opinioii 
can  generally  be  readily  formed  of  the  comparatiye  pari- 
ties and  values  of  different  waters.  We  have  also  pointed 
out  how  waters  may  be  clarified  and  conducted  in  their  best 
condition  to  the  point  of  delivery,  and  distributed  in  the 
most  efficient  manner. 

Predictions  of  any  value  as  to  quantity  and  quality  of  a 
supply  firom  a  proposed  artesian  weU,  demand  a  knowledge 
of  the  local  geology  and  subterranean  hydrology,  which  is 
rarely  obtainable  until  the  completion  and  test  of  the  well; 
nevi^rtlieless  we  have  shown  the  conditions  under  which  a 
good  supply  of  water  may  be  anticipated  with  reasonable 
coufideniv. 

569.  Gravitatiou. — When  a  good  and  abundant  sap 
ply  of  water  can  be  gathered  at  a  sufficient  elevation,  and 
within  an  accessible  distance,  the  essential  element  of  con- 
tinuous full-pressure  deliverj'  can  then  most  certainly  be 
secured,  and  in  the  matter  of  possible  safety  the  gravitation 
methixl  wiU  usually  be  sujjerior  to  all  others. 

The  quill ity  of  impounded  water,  when  gathered  in  small 
storag^^  restTToirs  and  from  relatively  limited  waterslu^ds,  is 
subjivt  to  some  of  those  unpleasant  influences,  heivtofore 
n^forrAi  to,  which  are  to  be  provided  against ;  and  unless  the 
hydrv>logy  and  substructure  of  the  gathering  basin  is  well 
undorstcx^d,  the  permanence  of  the  supply  may  not  fulfill 
enthusiastic  anticipations. 

Tlio  value  and  importance  of  sufficient  elevation  of  the 
supplying  reservoir,  when  the  delivery  is  by  gravity,  to 
nuvt  the  most  pressing  needs  of  the  fire-service,  ought  not 
to  K^  overlookt^d.  for  an  efficient  fire-service  is  usually  one 
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of  the  chief  objects  to  he  attained  in  a  complete  water 
supply. 

A  water  pressure  of  sixty  to  eighty  pounds  jjer  square 
inch  iQ  tlie  hydi'auta  in  the  vicinity  of  an  incipient  fire,  has 
a  value  which  caunot  be  wholly  replaced  by  a  brigade  of 
fire-steamers  in  commission,  for  with  light-liose  caniages 
and  trained  hosemeu,  connection  will  usually  be  made 
with  the  hydrants,  streams  be  put  in  motion,  and  the  fire 
overpowered  before  pressure  is  raised  in  the  steamer's  boil- 
ers ;  and  the  fire  will  not  be  Butfered  to  assume  unconquer- 
able headway  dunng  the  delay. 

Constant  liberal  pressures  in  the  hydrants  is  the  first 
element  of  prompt  and  ofFective  attack  upon  a  fir*"  immedi- 
ately after  an  alarm  is  given.  Eacli  moment  lost  before  the 
beginning  of  an  eneigetic  attaclc  increases  greatly  the  diffi- 
culty of  subduing  the  lire,  and  the  probability  of  a  *ast 
conflagration. 

The  element  of  distance  of  a  gravitation  sujjply,  aa  re- 
gards cost  of  delivery,  is  an  exacting  one,  and  the  lengths 
of  conduit  and  large  main  are  surprisingly  short,  while  the 
balance  of  economy  of  delivery  remains  with  the  side  of  tlie 
gravitation  scheme  ;  for  conduits  and  mains  an>  expensive 
constructions,  and  soon  absorb  more  ca])ital  and  interest 
ttian  would  pay  for  pumps  and  fncl  for  lifting  a  nearer 
supply  ;  still  an  element  of  safety  is  not  to  be  sacrificed  for 
a  moderate  diflei'ence  in  first  cost. 

.170.  Piinipin^  with  Reservoir  Reserve.  —  As  re- 
gards safety  and  reliability  of  operation,  we  place  second  the 
method  of  delivery  when  the  supply  is  elevated  by  hydrau- 
lic power,  and  third  when  it  is  elevated  by  steam  power  to 
a  liberal-sized  reservoir  holding  jn  store  from  six  to  ten 
days  reserve  of  wafer,  fiom  whence  the  STipply  flows  by 
— ^»vity  into  the  distribution-pipes.     If  in  such  case  there 
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are  duplicate  first-class  pumping-machines  whose  combiiMil 
capacity  is?  equal  to  the  delivery  of  the  whole  daily  supply 
in  ten  hours,  or  one-half  equal  to  the  delivery  of  the  whole 
daily  supply  in  twenty  hours,  then  this  method  is  scarcdy 
inferior  in  safety  to  the  gravitation  method. 

The  elements  of  safety  may  be  equally  secured  in  the 
low  and  high  service  method,  when  the  physical  featnres  of 
the  town  or  city  make  such  division  desirable.  In  a  pre- 
vious chapter  we  liave  shown  how  a  union  of  the  high  and 
low  st^rvice  may  bt*  made  an  esjH^cially  valuable  feature  in 
eflit*ient  fire  service. 

The  records  of  nt*arly  all  the  wat^T  departments  of  our 
largi^st  cities,  hanng  duplicate  pumping  machinerj-,  show 
how  valuable  and  indispensable  have  been  their  reserve 
ston*<  of  ^vater,  and  refer  to  the  risks  that  would  have  bt^en 
int'urriHl  had  such  rest^rvoir  storagi»s  been  lacking. 

571-  Piinipin^  vsith  Direct  Pressure. — We  place 
fourifu  as  r^^inls  safety  and  reliability,  the  direct  pressun 
dolivory  by  hydr:iulio  iX)wer.  and  fifth,  by  steam  power, 
wit!.  e:r!ior  sta:id-pijv  or  air- vessel  cushions   and   safety 

r-.c  m^vi.atiioal  amingemirats  that  admit  of  this  nitthud 
of  d'livory  arv^  sim:  U\  and  several  builders  of  pumping 
uiA*  "v.-^rv  havr  a.laptevl  their  manufactun^  to  its  sjn^ial 
^^^.;^  :.;:>.  V;:  •-  v»»iat  of  continuous  reliabilitv  tlie 
ui  :     ri  St*//.  >!i;;i:':>  ::.*"•  ri«r  to  cravitv  flow. 

K^v  *;  ^^ '.^ :  :'  '  :• -^-t  --if^^tantial  and  most  simple  steara 
v:::.v:uc  :r..i  •'  ::.  "-\  '-  a  V'Tv—L  if  n«>t  sui>rklt>m-'nt«Hl  bv  an 
t!v*\:*:i\;  s:'*.;^'  *^  <» -.  :*  w-itr-r,  this  m»^th<Vl  of  d»*liveiT  is 
;;  •  \^v.*xvr/-\l  v'  r.sk-  :'  :.*A  K^arin*!:^.  sudden  stmins, 
u*.v wwTvxl  :*^v  '•;--      •  vN  r.r.«?v'tion.  shaft,  cvlinder,  valv»>- 

*l^<*  lv>:  :;::*•*,:   •  :v.>'r-:kri  his  ar*»  so  certainly  liabW 
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to  siich  contingencies  that  cities  may  judiciously  hesitate  to 

rely  entirely  upon  the  inlallibility  of  their  boilers,  engines, 

» ' '  .-J, 

and  pumps,  even  when  so  fortunate  as  to  secure  attendants 
npon  whom  they  can  place  implicit  confidence. 

Tlie  direct  pressure  method,  alone,  necessitates  unceas- 
ing firing  of  the  boiler  and  motion  of  the  pumping-engine, 
and  consequently  double  or  triple  sets  of  hands,  to  whose 
integrity  and  faithful  n(*ss,  night  and  day  and  at  all  times, 
the  works  are  committed. 

Hydraulic  power  and  machinery  are  far  more  reliable 
than  steam  machinery,  for  direct  pressure  uses,  and  hy- 
draulic power  presents  the  gi^eat  advantage  of  being  able 
to  respond  almost  instantaneously  to  the  extreme  demand 
for  both,  water  and  pressure,  while  a  dull  fire  under  the 
boiler  may  require  many  minutes  for  revival  so  as  to  raise 
the  steam  to  the  effective  emergency  pressure.  An  example 
of  i>umi)ing  machinery  of  five  million  gallons  capacity  per 
diem,  driven  by  hydraulic  power,  is  shown  in  Fig.  143. 
This  set  of  pumping  machinery  was  constructed  for  the  city 
of  Manchester,  N.  H.,  by  the  Geyelin  department  of  Messrs. 
R.  D.  Wood  &  Co.,  Philadeli)hia,  from  general  designs  by 
the  writer,  and  lias  operated  very  satisfactorily  since  its 
completion  in  1874.  This  machinery  is  adapted  in  all  re- 
spects to  direct  pressure  service,  and  was  so  used  during  a 
full  season  while  the  resenoir  was  in  process  of  construction, 
and  it  is  equally  w(»ll  adapted  to  its  ordinary  work  of  pump- 
ing water  to  the  distribntins:  reservoir. 

Tlie  direct  forcing  nif^tliod  does  not  provide  for  the  de- 
position or  removal  of  imimrities  after  they  have  passed  the 
engine,  but  the  sediments  that  reach  the  pumps  are  passed 
forward  to  the  consumers  in  all  sections  of  the  pipe  distri- 
bution. 

In  combination  with  a  reservoir  sufficient  for  all  the 
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oidiiiaiy  purposes,  and  equalizing  the  ordinaiy  work  bjA 
the  ordinary  pressures  at  the  taps,  and  also  in  combmaticm 
with  a  very  small  reservoir,  the  direct  pressure  &cilitie8 
may  prove  a  most  valuable  auxiliary  in  times  of  emeigencj, 
and  they  are  then  well  worth  the  insignificant  difference  in 
first  cost  of  pumping  machinery. 

In  the  smaller  works  the  entire  machinery,  and  in  larger 
works  one-half  the  machinery,  may  with  advantage  be 
capable  of  and  adapted  for  direct  pressure  action. 

K,  instead  of  substantial  and  simple  machinery  built 
especiaUy  for  long  and  reliable  service,  some  one  of  the 
intricate  and  fragile  machines  freely  offered  in  the  market 
for  direct  pumping  is  substituted,  and  is  not  supplemented 
by  an  ample  reservoir  reserve,  then  a  risk  is  assumed  which 
no  city  can  knowingly  afford  to  suffer ;  and  if  true  prin- 
ciples of  economy  of  working  are  applied,  it  will  generally 
be  found  that  no  city  can,  upon  well-established  business 
theories,  afford  to  purchase  and  operate  such  machinery. 

Well  designed  and  substantially  constructed  pumping- 
machines,  such  as  are  now  offered  by  several  reliable  build- 
ers, wlien  contrasted,  with  several  of  the  low-priced  and  low- 
duty  contrivances,  are  most  economical  in  operation,  most 
economical  in  maintenance,  and  infinitely  superior  in  reli- 
ability for  long-continuous  work. 
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The  nse  of  the  metric  system  of  measure  and  weigtta 
was  legalized  in  the  United  States  in  1866  by  the  National 
Government,  and  is  used  in  the  coast  survey  by  the  engineer 
corps,  and  to  considerable  extent  in  the  arts  and  trades. 

S(?veral  of  the  best  treatises  on  theoretical  hydraulica 
give  their  lengths  and  volumes  in  metric  measures,  and  we 
give  their  equivalents  in  United  States  measures  in  the 
following  tables. 

The  metre,  which  is  the  unit  of  length,  area,  and  volume, 
equals  39.37079  inches  or  3.280899  feet  in  length  lineal,  and 
along  each  edge  of  its  cube. 

This  unit  is,  for  measures  of  length,  multiplied  decimally 
into  the  decatnetre,  hectometre,  kilometre,  and  Tnyriametre, 
and  is  subdivided  decimally  into  the  decimetre,  centiToetTe, 
and  miUimelre. 

Tlie  affixes  are  derived  from  the  Greek  for  multiplication 
by  ten,  and  from  the  Latin  for  division  by  ten. 

The  measures  for  surface  and  volume  are  similarly 
divided. 

The  fframme  is  the  unit  of  weight,  and  it  is  equal  to  the 
weight  of  a  cubic  centimetre  of  water,  at  its  maximum 
density,  in  vacuo.  =  .0022046  lbs. 

A  cubic  metre  of  water,  at  its  maximum  density,  weighs 
S304.6  lbs.  avoir. 
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Table  op  French  Measures  and  United  States  EgmrALini 


Measures  of  I^en^th. 


I  Millimetre.. 
I  Centimetre. 
I  Decimetre.. 


I  Metre. 


No.  of 


.001 

.01 

.1 


1  Decametre 10 

I  Hectometre 100 

I  Kilometre 1000 

I  Mrriametre loooo 


1 


.0393708  inch 
.393708  inch  = 
3.93708  inches 
39.370$  inches 
=  JOO06214 
32,806992  ft.  = 
32S.06992  ft.  = 
32SaS992ft.  = 
32808.9926.  = 


=  .0032809  fooL 

:  .032809  foot. 

=  .32S<^99  ft.  =  .1093633  yd. 

=  3.2S08992  ft.  =  .198842  rod 
mile. 

1.98842  rods  =  xx>62i38  mile. 

19.88424  rods  =  .062138  iQileL 

198  S424  rods  =  .621383  mik. 

19S8.424  rods  =  6.21383  mila. 


of  A 


X«C«f  9(|. 


1  *.  <'r.:*jur 

1   V  V 


,  jr 


Vc>ur=ie. 


v>  ■'  > 


V-^V-v 


\..  -  .^ 

\jc-a. 

— 

xvvx*: 

-TC^.nr^  ratric  zndk. 

.vvv  * 

rr 

r:,^r-:  .-urfc  jict                                              * 

v.: 

^HM 

r."^.-.r*;  n.  ns.  =  *:"555  ca-  ^  —  JQ96416C  jr^L 
?:  -,    :   rj.    US   -    :>^5-3*  1.—  T.  =  .264165 

• 

jj^  ->c:  ^TtflBS-  =  36- 525  '^^^  *-   =  i-y>79« 
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(Contifiiud). 


Measures  of  Solidity. 


No.  of  CO. 
Metres. 

f 

X  Millistere 

i  Pentistere 

1  Decistere 

I  Stere 

.001 
.01    \ 

.1      j 

I      ] 

10 

100 

1000 

=  61.0279  cu^'C  inches  =  .03532  cubic  foot. 
=  610.279  cu.  ins.  =  .353166  cu.  ft.  =  .015079  ciL 

yard. 
6102.79  cu.  ins.  =  3.53166  cu.  ft.  =  .130791  cubic 

yard. 
=  61027.9  cu.  ins.  —  35.3166  cu.  ft.  =  1.30791  cu. 

1  Decastere 

I  Hectostere 

X  Kilostere 

yards. 
=  353.166  cu.  ft.  =  13.0791  cu.  yards. 
—  3531.66  cu.  ft.  =  130.791  cu.  yards. 
=  35316.6  cu.  ft.  =  1307.91  cu.  yards. 

Measures  of  Weight. 


I  Millij^mme 

I  Centigramme. . . . 
I  Decigramme. . . . . 

I  Gramme 

I  Decagramme 

X  Hectogramme  . . . 

I  Kilogramme 

X  Tonne 


.015432  grain. 

•I 5432  grain. 

1-5432  grains  =  .0035274  oz.  Avoir. 

15.432  grs.  =  .035274  oz.  Av.  =  002205  lb.  Av. 

15432  grs.  =  .35274  oz.  Av.  =  .02205  lb.  Av. 

1543.2  grs.  =  3.5274  oz.  Av.  =  .2205  lb  Av. 

15432  grs.  =  35.274  oz.  Av.  =  2.205  lbs.  Av. 

2204.737  lbs. 


A  cubic  inch  is  equal  to 

.004329  gallon;  or  .0005787  cu.  ft;  or  16.38901  millilitres ;  or  1.638901 
centilitres:  or  .1638901  decilitre;  or  .016389  litre;  or  .016389  millistere*,  or 
'0016389  centistere. 

A  gallon  is  e(]^ual  to 

231  cubic  inches,  .13368  cubic  foot ;  or  .031746  liquid  barrel ;  or  3785.513 
millilitres  ;  or  378.551  centilitres  ;  or  37.8551  decilitres  ;  or  3.785513  litres  ;  or 
.37S5513  decalitre  ;  or  037855  hectolitre  ;  or  .0037855  kilolitre. 

A  cubic  foot  is  equal  to 

1728  cubic  inches;  or  7.48052  liquid  gallons;  or  6.2321  imperial  gallons; 
or  3.21426  U.  S.  pecks ;  or  .803564  U.  S,  struck  bushel ;  or  .23748  liquid  bar* 
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ral  d  3i|  gaUoBs;  or  S831.77  centilitres ;  or  283.177  decilitres:  or  88.3177 
litres ;  or  8.83177  decalitres ;  or  .383177  hectolitre  ;  or  .0283177  kilolitre ;  or 
88.3177  millisteres ;  or  8J3177  centisteres ;  or  .283177  decistere ;  or  JoaHyjt 


The  imperial  gallon  is  equal  to 

.16046  CO.  feet ;  or  x.20032  U.  S.  liquid  gaUoot. 

A  cabic  yard  is  equal  to 

46656  C11.  inches ;  or  201.97404  liquid  gallons ;  or  27  cu.  feet ;  or  21.69683 
struck  bushels ;  or  764.578  litres ;  or  76.4578  decalitres ;  or  7.64578  hectolitieij 
or  .764578  kilolitre  ;  or  764.578  milisteres ;  or  764578  centisteres  ;  or  7.64578 
decisteres ;  or  '764578  stere ;  or  .0764578  decastere ;  or  .0076458  hectosteie; 
or  .00076458  kilostere. 


CoMPARATivs  Heads,  Pressures,  and  Volumes. 


One  cubic  (IdoC  per  miniite 


f« 

**          M 

«« 

t« 

««          •• 

<f 

M 

««          «« 

second 

•< 

4.         f« 

*< 

OnegaHon 

1  per  minute 

•t 

•• 

•« 

•« 

44 

«« 

One  U.  S. 

gallon 

One  million  gallons 

•« 

<f 

per  24  hours 

M 

«< 

..  ^    » 

ii 

«f 

«•  24    •• 

One  foot  per  second,  velocity 

One  mile  per  hour,          " 

One  inch  of  rain  ] 

per  hour 

44 

44 

44            44 

«« 

«4 

**    24  hours 

«< 

44 

"  74    •• 

*4 

•  « 

.4        j^            4. 

<4 


24 


One  foot  of  water  at  52*.  3  Fah. 


44 


4< 


44 


One  lb.  on  the  square  foot 

inch 

One  atmosphere  (=  29.922  in.  mercury) 

One  inch  of  mcicury,  at  32* 

One  cubic  foot  of  average  sea-water 

One  Frihrcnheit  degree 

One  Centi.:rade  dc<:rec 

remperaturc  of  melting  ice 


44 


<« 


rate  of 

«.440- 

cubic  fisec  per  94  homt. 

M 

iOk77i-9«^ 

gallons  per  94  boon. 

M 

44«-83»« 

"      per  hour. 

M 

06.999. 873 

«           (« 

C« 

646,3i6.9»8 

«c 

1,440.0 

**        **  94     •* 

M 

8.09083 

cubic  feet  per  hour. 

M 

»9a- 4999a 

"   94  bona. 

0.13368 

cubic  foot. 

»33.68o.546a 

cubic  feet. 

rate  of 

9a- 8337* 

cubic  feet  per  mmute. 

<« 

1.5472282 

;         ••         *•   second. 

4( 

694-44444 

gallons  per  minute. 

ft 

0.68x83 

miles  per  hoiu. 

«« 

1.46667 

feet  per  second. 

Tolume  of 

363ao 

cu.  ft.  per  hour  per  acre. 

«« 

9,323,200.0 

44           «.           4.  gq  oij^ 

«< 

151.25 

"           ••           "  acre. 

«• 

96, 80a  0 

"            "           ••  sq.  mik; 

f« 

3.630.0 

"  per  24  hours  per  acre. 

M 

9,393.900.0 

"  per94  hours  per  sq.  mflft 

62.4 

lbs.  on  the  square  foot 

•433 

"        "           •*       inch. 

.0295 

atmosphere. 

.8823 

inch  of  mercury  at  32*. 

.016026 

foot  of  water. 

9.308 

feet  of  water. 

33-9 

it        it 

«I334 

4«                <4 

X.026 

CU.  ft.  of  pure  water  m  wei^ 

.55555 

Centigrade  degree. 

Z.8 

Fahrenheit  degrees. 

* 

.        !«• 

on  Fahrenheit's  scale. 

0 

*'  Centigrade  scale. 
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Table  of  Average  Weights,  Strengths,  and  Elasticities  of 
MATERiALS.-^From  Trautwine,  Neville,  and  Rankine.) 


Woods  (seasoned,  and  dry). 


Ash 

**  American  white. . . . 

Beech , . .  • . 

Cedar,  American 

"  •*         green. 

Chestnut 

Elm 

"  very,  dry 

Hemloc): 

Hickory 

Maple 

Oak,  live 

"      white 

"      red 

Pine,  white 

"      northern  yellow . 

•*      southern      ** 

Spruce 

Walnut,  black 


Aluminum.  . 
Brass,  cast. .. 
rolled. 


Metals. 


i« 


•I 


wire. 


«• 

(I 


Bronze  (copper  8  parts,  tin  i  part). . . . 

Copper,  cast 

sheet 

wire,  drawn 

Glass . 

Iron,  cast,  cold  blast 

"     hot  blast      , 

**     wrought,  sheet  or  plate. . . . , 

•*  **         large  bars , 

Lead,  cast 

"      milled 

Mercury  (at  32°  Fah.,  849  lbs.)  (at  21 2% 

836  lbs.),  at  60" 

Silver 

Steel 

Tin,  cast 

Zinc , 


M 
II 
II 


Earth  and  Stones  (dry). 

Asphaltum 

Brick,  common  hard 

"       soft  inferior 

•*      besf  pressed 

Cement,  A.'nerican  Rosendale,  loose. 

Louisville 


Weight 
CO.  in. 


Weight 
cu.  ft 


LU, 


.0972 
.3038 


Lit. 
48.0 
38 
48 

47 
56.8 

41 
36.8 

35 

25 

53 

49 

59^3 

51.8 

40.0 
25.0 

34-3 
45.0 
25.0 

38 


162 

525 

524 
3085533 

..3062529 

..3113538 

....  549 
..3241  560 

..0885153 

..2552444 

.....  1443 
. .  2807  485 

....  1474 
..4152  717 

....  I713 


..4896846 


373 
2836 

2637 

2532 


II 


•I 


Cu   //. 

87.3 
125 

100 

150 

56 

49.6 


644 
490 
456 
437 

Cu.  yd. 
2357 

3375 
2700 
4050 
1512 

1339 


Specific 
Gnv. 

Tenacity 
per 

tq.  in. 

Lit, 

0.77 

17000 

.61 

.... 

•77 

16000 

.75 

•  •  •  • 

•9i 

1 1400 

.66 

12000 

•59 

13500 

.56 

•  •  •  • 

.40 

•  •  •  • 

.85 

•  •  •  • 

•79 

•  •  •  • 

•95 

13000 

.83 

16000 

.... 

10250 

.40 

•  •  •  • 

•55 

•  •  •  • 

.72 

7800 

.40 

12400 

.61 

.... 

2.6 

.... 

8.40 

18000 

8.40 

•  •  •  • 

8.54 

49000 

8.5 

36000 

8.61 

19000 

8.80 

30000 

8.88 

60000 

2.45 

9400 

7. II 

16700 

7.04 

13500 

7.77 

50000 

7.60 

48000 

11.44 

1800 

11.40 

3300 

13.58 

.... 

10.31 

40900 

7.85 

120000 

7-30 

5300 

7.00 

7500 

1.4 

•  •  •  • 

280 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

ResiH- 

ance  per 

sq.  in.  to 

crush- 
ing foraau 


9000 

. . .  • 
8500 
4900 
5600 

. . .  ■ 
lOJOO 

.  .  .  • 


6400 
6500 
6000 


5400 
5500 

7200 


10300 


33000 
106000 
108000 


800 

.... 

•  •  •  • 

•  •  •  • 

•  ••  • 
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Table  op  Avekage  Weights,  Strengths,  ETc^CmUnMol). 


Matuuals. 


Weight  Weight  SpedficiTcncity 


■»    per 
cu.ft. 


<4 


U 


4« 


«( 
4t 
«i 
«« 
«( 
«l 


>( 


(1 


per     f  Grav. 
en.  yd. 


LAs.  L6*. 

Cement,  English  Portland. 90  2430 

French  Boulogne 80  ,  2160 

Clay,  potter's 1 19  3213 

*'     dry,  in  lump,  loose 63  1701 

Concrete .... 

Coal,  bituminous 84  2268 

broken,  loose |  50  1350 

a  ton  occupies  43  to  48  cu.  ft. • 

Earth,  loam,  loose 1  75  ,  2025 

moderately  rammed 95  2565 

as  a  mud 110  ■  2970 

Granite 168  4536 

'*      quarried,  in  loose  piles ;  96  2592 

Gneiss 168  4536 

*'      quarried,  in  loose  piles '100  2700 

Greenstone 187  ;  5049 

**          quarried,  in  loose  piles 107  *  2889 

Gravel 100  2700 

"     moderately  rammed,  dr)' 120  3240 

"             *•                **          moist 130  3510 

Limestone 16S  4536 

Lime,  ground,  loose 53  1431 

Marble 165  4455 

Masonry,  dressed  granite,  or  limestone. .  165  4455 

'*     well -scabbled  mortar  rubble  of  do.  m4  .4158 

dr>-            "      **  do.  138  3726 

roughly  "          **'              "       "  do.  125  3375 

dressed  sandstone 144  3888 

dr>'  rubble     '*         no  2970 

brickwork,  medium 125  3375 

coarse 100  2700 

press'd  bricks,  close  joints  140  37S0 

Marl 110  2970 

Mortar,  cement 103  278 1 

Peal,  unpressed 25  675 

Siind.  loi^>se 100  2700 

*•      shaken no  2970 

"      wet 125  3375 

Sandstone 150  4050 

*•         quarried,  in  loose  pile S6  2322 

8Lue iSo  4^73 

Soapstone,  or  steatite 170  4590 

Miscellaneous  Materials.             !  1 

Ice :  5S.7  ' 

Leather '    .... 

Oil,  linseed 5S.6S    .... 

Petr»>leuin     54«8i     .... 

Powder,  slightly  shaken 62 . 3  ^   .... 

Snow,  U>ose 12  >     324 

**      wet  and  compact 50  1350 

\\'ater 62.3^    1693 


I 


I 


35 


69 
69 


90 

7 

64 


75 
65 


76 


S9 

73 


I 


I 


1585      0.94 


•94 

.878 

i.o 


I  1.0 


pv-tnte> 

sq.  in. 


LAg. 
280 


50 


hffoia 


Lk. 


556 


lOOOO 


•   •   •   • 


8333 

■    •    • 

5500 


345 


I     

5000 

I  •••• 

12000 


200 


4200 
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Formulas  for  Shafts. — (Francis.) 
Wronghtriron  prime  movers,  with  gears : 


d 


=<i 


lOOP 

N 


,  and  P  =  .01iir<?. 


Wionght-iron  tiansmittiDg  shaft : 


d 


_    3/6OP 


and  P  =  .Q2ir<?. 


Steel  prime  mover,  with  gears : 


d 


,/62.6P 


and  P  =  .016ir<?. 


Steel  transmitting  shaft : 


d 

In  which  d 
N 
P 


-</ 


8/31.25P 


N 


,  and  P  =  .(mNcP. 


diameter  of  shaft  in  inches, 
number  of  revolutions  i)er  minute 
horse  powers. 


Trigonometrical  Expressions. 


COTANGENT 


Radius 

=  AG 

Sine 

=  C5d. 

Cosine 

=  Ce. 

Tangent 

=  B£: 

Cotangent 

=  hg. 

Secant 

=  At 

Cosecant 

=  Ag. 

Versed  sine 

i^Bd. 

Co-vornin 

=  h& 
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Trigonometrical  Equivalbnts,  when  Radius  =  i. 


Sine 

=r 

•1  -5-  Cosec. 

u 

^ 

Cosin.  -T-  Cotan. 

u 

= 

V{1  -  CoRin^) 

CoEdne 

=: 

X  "T"  oec. 

« 

= 

Sin,  -^  Tan. 

a 

=^ 

Sin.  X  Cotan. 

n 

VI  -  Sin^ 

Tangent 

= 

1  -f-  Cotan. 

(( 

:= 

Sin.  -7-  CosiiL 

Cotangent 

= 

1  -=-  Tan. 

(( 

= 

Cosin.  -T-  Siiu 

Secant 

:= 

1  H-  Cosin. 

tc 

=: 

VT  +  Tatf . 

Cosecant 

^_ 

1  -^  Sin. 

ti 

VI  +  Cotan*. 

Verfiine 

=r 

Rad.  —  CosiiL 

Coversine 

= 

Rad.  —  Sin. 

Complement  = 

90°  -  Angle. 

Supplement 

1  1 

180^  -  Angle. 

If  radius  of  an  arc 

of  any  angle  is  multiplied  or  dhldec 

by  any  given  number,  then  its  several  correspondent  trigo 

nomelrical  functions  are 

Increased  or  diminished  in  liki 

ratio. 

Diameter 

=z  Bad.      X  2. 

Circumference 

=  Rad.      X  6.2882. 

(( 


Area  of  circle 


=  Diam.    x  3.1416. 
=  Diam^  x    .7864. 


Surface  of  a  sphere  =  Diam^  x  3.1416. 
Volume  of  a  sphere  =  Diam^  x    .5236. 

Length  of  one  second  of  arc  =  Rad.  x  .< 

''    minute  ''    "    =  Rad.  x  .0002909. 
degree  "    ''    =  Rad.  x  .017463a 


(( 


(( 


(( 


4( 


(( 


Sims,  Tamoknts,  Etc^  when  Radius  =  i. 


n* 

,ai». 

Cotot, 

Cmm. 

Ti*L 

Cotu. 

Smuit. 

Veniu 

Corina. 

Di«. 

lofiatte. 

Infinite. 

.™»o 

__ 

(me 

i 

; 

31 

1 

s 

Si 

II 

1.0001S 

I'll 

dUJ 

'■Bwa, 

1 

.ICHSJ 

ii 

';S 

9-S'44 

■"54 

;|^J» 

S 

.■:.ll7 

B.»JS 

il»58 

1.0D7SO 

S3 

1 

9 

;is: 

«:5^ 

:1S 

l-vl? 

::3 

^3 

K 

81 

~ 

.ig; 

1"" 

i'^ 

:13 

J.67.. 
S'446 

i.i;in 

3 

.4^481 

to 

3 

.»79i 

:,^ 

+80,, 

■»"S5 

4.7046 

;-^ 

-otB.! 

U 

3; 

;s 

4  44S4 

jag 

OJ97 

IS 

i 

'I 

S 

a 

3..3<o 

■.0576* 

1 

JJ 

>9 

■3"SJT 

-6JM3 

■3*433 

s 

■J4*» 

:S!.' 

■43«3; 

:Sl! 
IS 

.9^ 

i; 

51 

.4B7M 

jifc" 

Si 

i 

T.06,IJ 

ii 

3 

S5 

a 
S 

s 

■tC 

S4600 

i:is 

.5«15» 

;;',^i; 

..0S9 

IbI^j 

§ 

■9 

.4i4B. 

.J'S'9 

■SMJ' 

■■■4J3i 

-"53 

.»746» 

3" 

S'SH 

■*s 

is 

:l^ 

:;SS 

;::g 

::gl 

.S«03 
.85717 

i 

3> 

S 

33 

1? 
.436ti 

,6^87 

^4i 

.6,4J, 

i;ii 

1.49ST 

Si! 

.6.5M 

is 

1-3764 

1.3J70 

■1 

1 

i 

» 

■faflj" 

.,58^ 

JonS 

,.M,6 

'.lOB 

J' 

^ 

i 

iS 

'■ 

1.0704 

'■3'S9' 

■■339 

1 

.?«« 

ii 
•i 

44 

:se 

l-4»S 

t05M 

1.3».1« 

:^ 

■7^" 

Cuinc 

V.„ir,.. 

s™,. 

7.^7 

Tmng'L 

Co«t. 

Cover. 

Sin*. 
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In  Right-Angled  Triangu& 


Base  =  V^Hyp*.  -  Perp^ 


(( 


=  4/(Hyp.  +  Perp.)  x  (Hyp,  -  Perp.) 


Perpendicular  =  V^llyp.^  —  Base*. 


a 


=  V'CHyp.  4-  Base)  x  (Hyp.  -  Base.) 


Hypothenuse  =  i^Base^  +  Perp^: 


What  constitutes  a  car  load  {W^OOO  lbs.  weight) : 

70  bbls.  lime  ;  70  bbls.  cement ;  90  bbls.  flour ;  6  coris 
of  hard  wood  ;  7  cords  of  soft  wood ;  18  to  20  liead  of  cattle ; 
9000  feet  board  measure  of  plank  or  joists;  17,000  feet 
siding;  13,000  feet  of  flooring  ;  40,000  shingles ;  340  bushels 
of  wheat ;  360  bushels  of  com ;  680  bushels  of  oats ;  380 
bushels  of  Irish  iK)tatoes  ;  121  cu.  ft.  of  granite  ;  133  cu.  ft 
sandstone ;  6000  bricks  ;  6  j)erch  rubble  stone  ;  10  tons  of 
coal ;  10  tons  of  cast-iron  pijx^s  or  special  custzngs. 

Lmhricator^for  slushing  lieamj  gears: 

10  gallons,  or  3J  pails  of  tallow  ;  1  gallon,  or  \  pail  of 
Neat's  foot-oil ;  1  quart  of  black-lead.  Melt  the  tallow, 
and  as  it  cools,  stir  in  the  other  ingredients. 

For  cleaninff  hrass : 

Us(*  a  mixture  of  one  ounce  of  muriatic  acid  and  one- 
half  i)int  of  water.  Clean  with  a  brush  ;  dry  with  a  piece 
of  linen  ;  and  polish  with  fine  wash  leather  and  prepared 
hartshorn. 

Irmi  nment^for  repairing  cracks  in  castings : 

Mix  \  lb.  of  flour  of  sulphur  and  \  lb.  of  ])owdered  sal 
ammoniac  with  25  lbs.  of  clean  dry  and  fine  iron-lx)ring9, 
then  moisten  to  a  paste  with  water  and  mix  thoroughly. 
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Calk  the  cement  into  the  joint  from  both  sides  until  the 
crack  is  entirely  filled.  In  heavy  castings  to  be  subjected 
to  a  great  pressure  of  water,  a  groove  may  be  cut  along  a 
transverse  crack,  on  the  side  next  the  pressure,  about  one- 
quarter  inch  deep,  with  a  chisel  ^-inch  wide,  to  facilitate 
the  calking  in  of  the  cement. 

Alloys. — ^The  chemical  equivalents  of  copi)er,  tin,  zinc, 
and  lead  bear  to  each  other  the  following  proportions,  ac- 
cording to  RanJcine : 


Copper. 

31-5 


Tin. 

59- 


Zinc 

32.S 


Lead. 


When  these  metals  are  united  in  alloys  their  atomic  pro- 
portions should  be  maintained  in  multiples  of  their  respec- 
tive proi)ortional  numbers ;  otherwise  the  mixture  will  lack 
uniformity  and  appear  mottled  in  the  fracture,  and  its 
irregular  masses  will  differ  in  expansibility  and  elasticity, 
and  tend  to  disintegration  under  the  influence  of  heat  and 
motion. 


MatsuauBi. 


Very  hard  bronze 

Hard  bronze,  for  machinery  bearings 

Bronze  or  gun-metal,  contracts  j  J^y  in  cooling 

Bronze,  somewhat  softer 

Soft  bronze,  for  toothed  wheels 

Malleable  brass 

Ordinary  brass,  contracts  ^^  in  cooling 

Yellow  metal,  for  sheathing  ships 

spelter  solder,  for  brazing  copper  and  iron.. 


Composition. 

By  Equivalents. 

By  Weight 

Copper. 

Tin. 

Copper. 

Tin. 

12 

14 
l6 

i8 

6.401 
6.966 

8.542 
9.610 

I 
I 
I 
I 

20 

10.678 

I 

Copper. 

Zinc. 

Copper, 

ZSac 

4 

2 

3.877 
1.938 

I 
I 

3 

2 

I  454 

I 

4 

3 

1.292 

I 

Babbitt's  metal  consists  of  50  parts  of  tin,  i  of  copper,  and  5  of  antimony. 
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Aluminum  bronze,  containing  96  to  90  parts  of  copper 
and  5  to  10  parts  of  aluminum,  is  an  alloy  much  stronger 
than  common  bronze,  and  has  a  tenacity  of  about  22.6 
tons  per  square  inch,  whUe  the  tenacity  of  common  brome^ 
or  gun-metal,  is  but  about  16  tons. 

Manganese  brouze  is  made  by  incorporating  a  small 
proportion  of  manganese  with  common  bronze.  This  aUoy 
can  be  cast,  and  also  can  be  foi^ged  at  a  red-heat. 

A  specimen  cast  at  the  Royal -dun  Factory,  Woolwich, 
in  1878,  showed  an  ultimate  strength  of  24.  Ions  per  squan* 
inch,  an  elastic  limit  of  14  tons,  and  an  elongation  of  8.75 
per  cent.  The  same  quality  forged  had  an  ultimati'  resist- 
ance of  29  tons  per  square  inch,  an  elastic  limit  of  12  tons, 
and  an  elongation  of  31.8  per  cent.  A  still  harder  foiged 
specimen  had  an  ultimate  strength  of  30.3  tons  per  square 
inch,  elastic  limit  of  12  tons,  and  elongation  of  20.75  pei 
cent. 

The  tough  alloy,  introduced  by  Mr.  M.  P.  Parsons,  will 
prove  a  desirable  substitute  for  the  common  bronze  in  hy- 
draulic apparatus,  where  its  superior  strength  tad  greater 
reliability  will  be  especially  valuable. 

Approximate    Bottom    Velocities    of    flow    in    Channels  ai 
which   the   following   materials   begin   to   move. 

.25  feet  per  second,  microscopic  sand  and  clay. 


•50 

u 

u 

fine  sand. 

1.00 

(( 

€i 

coarse  sand. 

1-75 

u 

i€ 

pea  gravel. 

3 

u 

U 

smootii  nut  gjavel. 

4 

it 

u 

ij-inch  pebbles. 

5 

u 

u 

tt 

2-inch  square  brick-bata^ 

Tkmsilk  Strevoth  or  Cebients  and  Ceuent  Moktars,  when 
7  Days  old,  6  Or  which  the  Cements  were  in  Water. 

(Compiled  froin  Gillmoie.*) 


By  Wuoxt. 

LooMLV  Musui'd 

.Ei"S. 

J|iH 

i 

III 

i 

s'l    3  a 

1 

Hi 

BnrKncD. 

8 

JLM. 

1 

1 

M 

j 

1 

Ill 

i 

ll 

1 

i 

1 

1 

1 

1 

i 

I 

z*.. 

IZr 

LAe  Mton  ■getomM 

•s 

- 

■?.' 

177 

-*S 

>»9 

;;    Mton^glomir* 

1? 

■?. 

3» 

.J 

"    Mton  mtglomSrf 

-8f 

■a» 

-    Mi..n  .gftlomirS 

- 

3 

— 

;;    UT^TtXmi'i 

'.-.' 

3:J 

■s 

V 

•    Mton  ^ITlomiri 

B 

«.J 

T;l 

i 

«H.7 

*    MLODiKglaniAci 

B 

S 

":? 

»    commoD  mortRr. 

■            H                     " 

3 

3 

z 

J 

.:s 

- 

Is 

J3 

ij6"J 

»            « 

- 

1 

6 

- 

■ 

3-6 

- 

I 

._) 

l^jf 

4C.; 

fH 

-    b«toa  >Belo<n«r« 

7' 

' 

- 

~ 

- 

- 

- 

■" 

~ 

*"■' 

•  >'JATKktlsaoaC<dgiiM  B4taii,  p.  »a,^$rf.    New  York,  1S71. 
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Standard  Dimensions  of  Bolts,  with  Hexagonal  Heam 

AND  Nuts. 


Diameter 

of  bolt 
***  inches. 

No.  of 
V  threads 
per  in.  of 

length. 

Breadth 
1  of  head, 
in  inches. 

Thickn'ss 

of  head 

in  inches. 

Breadth 

of  nut 

in  inches. 

Thiclcness 

ofnul 
in  inches. 

* 

Weight 
of  round  rod 

per  foot 
in  pounds. 

Weight  of 

head  and  Mi 

inpoondL 

i 

20 

1 

J 

i 

A 

•1653 

.017 

A 

18 

i 

A 

i 

i 

.2583 

•033 

i 

16 

* 

i 

f 

^ 

.3720 

•057 

-h 

14 

« 

A 

« 

i 

•5063 

.087 

i 

13 

i 

i 

i 

T^ 

.6613 

.128 

-A 

12 

.  i 

■ft 

i 

f 

•8370 

.190 

i 

II 

I 

1 

'    I 

« 

'033 

.267 

i 

10 

il 

i 

'i 

H 

1.488 

•43 

i 

9 

'i 

7 

'i 

H 

2.025 

•73 

I 

8 

li 

I 

li 

lA 

.2.645 

1. 10 

li 

7 

li 

li 

li 

lA 

3.348 

1.60 

ij 

7 

ij 

li 

14 

lA 

4.133 

2.14 

n 

6 

2* 

If 

H 

IT^ 

5.001 

295 

li 

6 

H 

li 

*i 

lA 

5.952 

3.78 

If 

5i 

2j 

T| 

2i 

i» 

6.985 

4.70 

li 

5 

2| 

li 

2| 

ifi 

8.IOI 

5.60 

14 

5 

H 

4 

2i 

i\i 

9.300 

7.00 

2 

4j 

3 

2 

3 

2-h 

10.58 

8.75 

2j 

4} 

3f 

2i 

3i 

2* 

1339 

12.40 

2i 

4 

31 

2i 

3J 

2t% 

16.53 

17.00 

2j 

4 

4* 

2j 

4i 

2« 

20.01 

22.30 

3 

3i 

4i 

3 

4i 

3tV 

23.81 

28.80 

General  Watkr-works,  Statistics,  1880. 


CmB 

i7 

i 

1 

77 

1 

a 

Albanv.N.Y 

90903 

6,363.310 

4:145404 

13 

78.68a 

10,000.000 

l6S,ooo 

60 

t 

Brooklyn.  N.  Y 

S66.S77 

30,674,761 

977,703 

35a 

i,o8s 

BoMon.  Mass 

36a,S3S 

35900,000 

1  AM.  780 

500 

1,319 

Baltimore,  Md 

333.190 

33.000,000 

606,879 

377 

5^ 

Buffalo,  N.Y 

154.765 

16,369,802 

216.314 

Cninbridge.  Mass. 

52,669 
355.7ofi 

2474,616 

l77-t3i> 

'bs 

156 

Cincinnati.  Ohio 

'9.476.739 

499,857 

189 

545 

Clcveiand.Ohio 

155.946 

303,379 

IS5 

4<» 

Chicngo,  111 

503,304 

57.384.376 

961,051 

461 

3.113 

Columbus,  Ohio 

51.644 

3,159.337 

44,573 

44 

534 

DeiroK,  Micb 

116,027 

15,170,000 

380.684 

309 

39 

Hartford,  Conn 

43.569 

4,000,000 

121,281 

7a 

99 

Krser City.  N.J 

Louisville.  Ky 

75J>56 

70,9*0 

43 

35 

130,738 

14,916,835 

349641 

153 

4" 

136,566 

6,567,141 

187,708 

328 

Lawrence,  Mass 

39,068 

I  861,363 

63.670 

43 

273 

Lowell,            "    

S9.340 

2,352,197 

118300 

63 

708 

t^a«aukee.ms\. '.'.'.'.'.'.. '..'.'.'. 

38,376 

1,338,390 

79-B99 

57 

t'5.578 

10,604,000 

13950s 

86 

Minneapolis.  Minn 

48.323 

3,010,591 

30,819 

19 

Manchester,  N.H  

33,458 

1,180,930 

57.264 

33 

280 

Montreal,  Canada 

145.000 

9.69I.9O' 

364.47s 

133 

305 

New  Orleans.  La 

316,090 

9.000,000 

69 

New  York.  N,Y 

1.306,577 

95.000.000 

1,560^599 

503 

4.003 

Newark:, N, J 

136,400 

9,390,000 

313,649 

136 

Ni-w  Haven,  Conn 

63,S6i 

5.100.000 

131,580 

98 

>3 

Philadelphia.  Pa 

874.543 

57,707.08a 

1,415-477 

746 

PitlsbuTRh.  Pa 

156.389 

16031,634 

303,000 

Poughkeepsie.  N.  Y 

30.307 

1,403,393 
3,547.264 

19J79 

16 

Providence,  R.I 

104,760 

347.70s 

155 

440t 

Quebec.  P  Q 

Richmond.  Va 

50,000 

3,500.000 

91,000 

63343 

5.7 1 B  053 

74 .9<^ 

S3 

Rochester,  N.  Y 

87.057 

5.607,000 

72.659 

i'3 

San  l-'rancisco,  Cal 

333959 

13,834.000 

1,300,000 

178 

S.ito 

Sl.  Louis,  Mo 

333.577 

25,134000 

66o.aBo 

573 

SyracuM.N.  Y 

53,210 

4,000.000 

6Bfloo 

43 

Trov.N-Y 

56.747 

5,000,000 

6l,oBo 

Toledo,  Ohio 

53.635 

3,370.873 

36.124 

TotoniD,  C.in.id.i 

86,445 

4,787.000 

169,345 

"3 

50 

Washini^on.  D.  C 

147,307 

69,459 

175 

Worcester.  Mass 

58AJO 

3,000,000 

84.326 

80 

3. 791 

Wilininirton,  Del 

42.499 

3.564,856 

67.638 

53 

Yonkers,N.Y 

16,893 

860,000 

33,163 

33 

402 
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COMPAKATtVS  WATn-W(NIK5  STATISTICS,    iSSot 


I 


Ua  Ilii 


Arbany.  N.  Y.. . . 
Allcgbuij,  Pi.  . . 
BrookljTi.  N.  Y.... 
BoMon.  Mau.... 
Ballimoce.  Md-- 
UuffMo.  N.  v.... 
Cambridge.  Hasi. . . 

Cincinaali,  Ohio 

ClevcLmd.  Ohio 
Chicago,  III... 
Columbus.  Ohio. . 
Deiroii.  Mich.... 
Haittord,  Cono. 
Indianapolis,  Ind.. 
ierse>eily.  N.J.. 
Loui«ville,  Ky...., 
Lawrence,  Mass. . . 
Lowell  '•    . 

Lvnn.  "    , 

Milwaukt-c.  Wis 


Min 


Manche'slcr.  N.  H.. 
Mondeai,  Canada. . 
New  Orleans.  La... 
Ni:w  VoiJi.  N.Y.. 
Newark,  N.  J.. 
New  Hnven.  Conn.  , 
Philadelphia,  Pa. 
PiltsburRh,  Pa.. 
PuuKhkeepsie.  N.  : 
Providence-,  R.  I.. 
Ouebcc,  P.  y... 
Richmond,  ^a.    . . 
Rochester.  N.  V... 
San  Frnncisco.  Cal... 

Si.  Louis,  Mo 

Syracuse.  N.  v.. 

Ttov.  X.  Y 

Toledo.  Ohio. , . . 
Toronto,  Canada 


41.  Si 
130.74 
9J.96 
S3-3 
123- S5 

si.sa 
47-65 
37.95 

91.74 

36^38 
65-53 
41-6 

78-73 


65.9 
104.5 

6.).  47 
33.86 


60.98 
55  30 
176.50 
51. 63 


Ti.Tfo 

19.880 
16.747  j 

55^94  i 
30.320  1 
"7  735 
r6.803 

!'S.583 
33-669 
52.75a 
61,524 

ia,ai3 
6.915 

4S.491 
37-7 


,.,:  I  :;: 


General  Water-works  Statistics,  i88a. 


■5§ 

■s- 

si 

S 

1 

1 

''i 

xS 

t 

F   PiiMolWsier 

•5 

I 

CiriB. 

If 

ii 

ii 

J,             |jer 

«      I,OWg.LI^O«. 

Ii 

1 

z| 

A 

i 

J  

Ji 

1 

Allleboro,  Mass 

73 

roS 

40 

^380 

Boston.  Mass - 

5,031 

2.650 

383.638 

13 

06        30  to  30 

04 

Baliimorc,  Md 

89s 

677 

62.708 

42         Spcl, 

Btooklvn,  N.  Y 

s,g7o 

1,516 

198.178 

46            10.33 

64,177 

36 

Buffalo".  N.V 

1,400 

140 

So.ooo 

13.400 

Binghamton.  N.  Y 

175 

80 

i.''24 

3 

6io'25 

1.935 

Chicago.UI 

3,8a5 

3.310 

363,000 

8  1040, 

78^40 

516 

156 

42.466 

36 

7.735 

Cleveland,  Ohio 

l,2fi4 

701 

101.192 

576.66  1013.33 

ti,9a3 

9 

Cincinnati,  Ohio 

qoo 

780 

75.000 

18            9 

34.500 

Columbus,  Ohio 

363 

546 

27,969 

25         7  lo  20 

3,288 

as 

Detroit,  Mich 

873 

7.000 

26,000 

Elmira.  N.  Y 

146 

18; 

10  lo  50 

900] 

ao 

Fall  River  Mass 

f-i< 

i.gM- 

49.018 

33 

06           30 

3.i2o'63 

08 

Fitchburg,  Mass 

203 

150 

5940 

10  10  50 

1,442110 

Grand  Rapids.  Mich 

1.296 

35a 

ri.ooo 

15  ro  30 

i.o3a;3a 

Hnlvoke.  Mass 

177 

105 

9.B39 

5  10  15 

1,493 

Hoboken.  N.J 

acksonville.  Fla.   . 

A3 

23,000 

12  10  15 

3.000 

5 

160 

3-115 

15  lo  30 

aso 

6 

4 

BiseyCily,  N.  I 

1.415 

281 

'94,737 

25 

Cansas  Citr.  Mo 

393 

141 

30.640 

7 

5         «5  to  35 

3,788 

5 

3*15 

373 

84.390 

6  .0  IS 

7*t7 

3 

S 

Lowell.  Mass 

737 

1,090 

43000 

24 

6.aoo 

Lawrence,  Mass 

470 

431 

19.750 

■ 

3,653 

5 

Lvnn,  Mass. 

Meriden,  Conn 

4'jS 

156 

13,358 

07  as  and  Spcl. 

5rM" 

3 

IS. 

64 

10,862 

■ 

10  10  25 

Manchester,  N.  H 

339 

400 

1,333 

14 

26.66 

2.140 

18 

Milwaukee.  Wis.. 

794 

44,273 

4.6  10  20 

7.974 

New  Haven,  Conn 

650 

4.500 

15  10  30 

7.000 

3 

Newton, Ma's 

344 

664 

13.000 

17 

07           35 

a.371 

28 

NewYork.N.y 

6.944 

G.8I7 

186,600 

14 

13.33 

B5.000 

8 

Newark.  N.J 

i.>97 

25a 

36,0=1 

8 

9            

12,676 

84 

i 

166 

68 

13.734 

34 

1.330 

5 

Poughkeepsie.  N.  Y 

a86 

4.682 

1,436 

Providence,  R.I 

1.186 

5.379 

IS  to  30 

10.357 

SI 

Pawtucket,  R.  I 

965 

1.600 

6  lo  30 

3.000 

50 

Rochesier.N.  Y 

I.OiO 

639 

4i6,ooo 

30 

13.5  1030 

! 

3 

San  Francisco.  Cal 

1,396 

5.846 

464,400 

33,000,20 

Sdlem.Mass 

■54 

134 

9,as7 

.     is-stoao 

4.700;  a 

03 

Springfield,  Mass 

434 

a.870 

30  and  Spcl. 

3.5oo|  3 

St.  Louis.  Mo 

1,980 

i.aia 

333400 

.      12.51030 

28,000    . 

Toledo.  Ohio .- 

36" 

7             8I0  20 

i.853Jao 

Taunton,  Mass 

367 

401 

12,139 

38 

12.5  (0  25 

2/)62jI9 

Waterburv,  Conn 

64 

9.0CO 

5  'o  30 

2,21 7|    . 

Worcesler.  Mass 

690 

4,7»? 

a2,r,I4 

"7       IS  "0  a5 

6.061 177 

Yonkers.N.Y 

863 

605 

'4.945 

43 

.6  to  40 

.,.„! . . 
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Stand  Pipe   Data. 

(Sflf  new  table,  page  603.) 


I 


LOCATION. 


Wichita,  Kan 

Milwaukee,  Wis 

Henderson,  Ky 

Catasauqua,  Pa 

Toledo,  Ohio 

Erie,  Fa     

Allentown,  Pa 

BRStol,  Pa 

New  York  City,  High  Service 

Joliet,  111 

Mt.  Pleasant,  la, 

Sandwich,  111 

Lewisburgh,  Pa 

Maquoketa,  la 

Freeport,  111 

Lincoln,  Neb 

Charleston,  S.  C 

Yonkers,  N.  Y 

Princeton,  N.  J 

Perth  Amboy,  N.  J 

Alliance,  O 

Wilmington,  N.  C. 

Dedham,  Mass 

South  Abin^jton,  Mass 

Nantucket,  Mass 

Fremont,  O 

Atlantic  City,  N.  J 

Sandusky,  O 

Newton    Kan   

Springfield.  O 

Franklin,  Mass 

Wakefield,  Mass 

N.  Attlebo rough,  Mass 


Dfauqeter. 
FeeL 


I 


2i 

s 

5 

5 

5 

5 
6 

6 

6 

7 
10 

12 

12 

12J 

IS 

18 
18 

i8i 

20 
20 
20 
20 
20 
20 

25 
25 
25 
25 

3 
30 
30 
40 
40 
40 


Height. 
FeeL 


ThickneaB 
of  base. 
Inches. 


80 

80 

100 

224 

140 

80 
100 
130 

80 

88 

75 
76 

21 

60 

71 
80 

90 

103 

105 

'5 
100 

132 
180 
229 

76 

112 

35 
60 

62 


\ 


\ 
1 

i 

i 

\ 
I 
i 

1 

\ 

i 

i 
i 
i 
I 
I 
f 

f 
f 
J 
I 
i 

i 
i 


of  too. 


\ 
i 
i 
i 
\ 
\ 

I 

i 

A 

J 


t 

i 

•  • 

A 
A 

A 

A 
J 

A 
A 
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Weights  of  Lead  and  Tin  Lined  Service-Pipes. 


-Calibre. 

AAA. 
Weight 
per  ft 

AA 
Weight 
perfL 

Lb*. 

Imdua. 

Zi*. 

1 

1.5 

1.3 

i 

3 

2 

1 

3.5 

2.75 

\ 

4.5 

3.5 

I 

6 

4-75 

li 

675 

5.75 

x4 

9 

8 

2 

10.75 

9 

A. 

Weight 
per  ft. 


Lhs, 
1. 12 

1-75 

2.5 

3 

4 

4.75 
6.25 

7 


B. 

Weight 

per  ft. 

C. 
Weight 
perit 

D. 

Weight 

per  ft. 

JJu 

D.  Light. 
Weight 
per  It. 

E.    ! 

Weight 
per  ft. 

Lb*. 

Lbt. 

Lbs. 

Lbs. 

I 

1.06 

0.62 

0.5 

1.25 

I 

0.81 

m^^m 

0.7 

2 

1.75 

1.5 

1.25 

■  I 

2.25 

2 

1.75 

1-5 

1.25 

3.25 

2.5 

2 

— 

1.5 

3.75 

3 

2.5 

— 

2 

5 

4.25 

3.5 

— 

3.25 

6 

5.25 

4 

— 

— 

Weight 
per  ft. 


Lbt, 

0.56 
0.75 

I 


A  manufacturer' s  circular  states  that  the  following  quanti- 
ties of  water  will  be  delivered  through  500  feet  of  their  pipes, 
of  the  respective  sizes  named,  when  the  fall  is  ten  feet : 


Calibre 

Gallons  per  minute. . . 
Gallons  per  24  hours. . 


{  inch. 

\  inch. 

\  inch. 

f  inch. 

I  inch. 

.348 

.798 

1. 416 

2.222 

4.600 

576 

1150 

2040 

3200 

6624 

1 

i]  inch. 
6.944 

lOOOO 


A  |-mch  clean  service-pipe  connected  to  a  ^-inch  tap 
fender  a  hundred  feet  head,  will  deliver  at  the  sink,  through 
a  common  compression  bib,  ordinarily  about  three  pails  of 
water,  or  say  8.25  gallons,  or  1.1  cu.  ft.  of  water  per  minute. 

Lead  is  more  generally  used  for  service-pipes  than  any 
other  material,  but  wrought-iron  pipe,  lined  and  coated 
with  cement,  or  with  a  vulcanized  rubber  composition  or 
sundry  coal-tar  compositions  and  enamels,  have  been  us(m1 
to  a  nearly  equal  extent  within  a  few  years  past.  Block- 
tin  pipe,  tin-lined  pipe,  and  galvanized  iron  pipe,  have  been 
used  also  to  a  limited  extent. 
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Safe  Weights  of  Lead  Service  Pipes. 

Good  lead  pipes  have  an  ultimate  cohesion  of  abool 
2000  lbs.  per  square  inch.  The  effect  of  the  water  ram 
when  the  house  faucets  are  suddenly  shut  is  not  quite  as 
severe  on  services  as  it  is  on  the  risers  and  fixtures  in  the 
house.  Fifty  per  cent,  of  the  pressure  is  a  fair  aUowanoe 
for  the  ram  on  services,  if  an  additional  coefficient  of  safety 
of  6  or  ,2.9  is  taken  to  cover  the  limit  of  elasticity  and  ordi- 
nary weaknesses. 

On  this  basis  we  have  formulas  for  thickness  t  and 

weight  Wy  • 

4  _  1.6p^r  _  1.5pr 
t  —  — X —  —         "■  < 
.2^  s 

w  =  {d^f)xtxnxl2'' X  All, 

in  which  p  =  pressure  in  lbs.  per  sq.  inch. 

=  .434  head  in  ft. 
r  =  internal  radius  of  pipe,  in  inches. 
d  =  internal  diameter  of  pipe,  in  inches. 
(  =  thickness  of  pipe  shell,  in  inches. 
n  =  3.1416. 

^  =  ultimate  cohesion  of  lead,  mean,  2000  lbs.  per 
sq.  in. 
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Weights  for  given  Pressures  of  Water. 


• 

Head  of  Water  in  Feet. 

75    i 

too    1 

1*5    1     ISO    I     175    1     aoo    1    ass    1    S50 

•75    i 

3«» 

• 

Pressure  of  Water  in  Pounds. 

3>*55  i 

43*4o  1 

54-*5  1  «5Xo  1  75  95  1  86.80  |  97.65   1 108.50 

IXX9-35 

130^00 

. 

Weights  of  L^ead  Pipes  per  foot,  in  Pounds. 

Dtamet 

er,  H'^ 

^ 

% 

H 

% 

X 

K 

X           » 

1 

iX 

M 

X" 

X 

H 

% 

% 

\ 

X 

>H        i)i 

tH 

t% 

M 

X" 

H 

X 

\ 

z 

t% 

XX 

t% 

>X 

8 

•H 

•  « 

i"    

S 

iH 

xH 

tX 

a 

«x 

aX 

3 

3X 

3X 

*4 

iX" 

!•* 

tX 

aH 

>x 

3>i 

3^ 

4^ 

4X 

S^ 

SX 

»« 

'iVi" 

2 

a^ 

3^ 

3^ 

49i 

5^ 

6 

6X 

7X 

8)i 

These  weights  should  be  increased  somewhat  in  the 
honse  plambing. 
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RESUSCITATION    FROM    DEATH    BY    DROWNING. 

*' Persons  may  be  restored  from  apparent  death  by 
drowning,  if  proper  means  are  employed,  sometimes  when 
they  have  been  under  water,  and  are  apparently  dead,  for 
fifteen  or  even  thirty  minutes.    To  this  end — 

1.  Treat  the  patient  instantly,  on  the  spot,  in  the  open 
air,  freely  exposing  the  face,  neck,  and  chest  to  the  breeze, 
except  in  severe  weather. 

2.  Send  with  all  speed  for  medical  aid,  and  for  articles 
of  clothing,  blankets,  etc. 

I.  To  Cleab  thk  Thboat. 

8.  Place  the  patient  gently  en  the  fiace,  with  one  wrist 
under  the  forehead. 

(All  fluids,  and  the  tongue  itself,  then  fiUl  forwards,  and 
leave  the  entrance  into  the  windpipe  free. 

n.  To  Excite  Respiration. 

4.  Turn  the  patient  slightly  on  his  side,  and 
(I.)  Apply  snuff,  or  other  irritant,  to  the  nostrils ;  and 
(II.)  Dash  cold  water  on  the  face,  previously  rubbed 
briskly  until  it  is  warm. 

K  there  be  no  success,  lose  no  time,  but 

III.  To  Imitate  Respiration. 

6.  Replace  the  patient  on  the  face. 

6.  Turn  the  body  gently  but  completely  on  the  side,  and 
a  little  beyond,  and  then  on  the  face*  alternately,  rei)eating 
these  m(»asures  deliberately,  efficiently^  and  perse- 
VERiNGLY,  fifteen  times  in  the  n^inute  only. 

(When  the  patient  reposes  on  the  chest,  this  (*aviry  i^ 
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compressed  by  the  weight  of  the  body,  and  EXPHtATiON 
takes  place ;  when  it  is  tnmed  on  the  side,  this  pressure  is 
removed,  and  inspiration  occurs.) 

7.  When  the  prone  position  is  resumed,  make  equable 
but  efficient  pressure  along  the  spine,  removing  it  immedi- 
ately before  rotation  on  the  side. 

(Tlie  first  measure  augments  the  expibation,  and  the 
fieoond  commences  inspiration.) 

IV.  To  Induce  Circulation  and  Warmth,  continue 

THESE  Measures. 

8.  Rub  the  limbs  upwards,  with  firm  pressure  and 
ENERGY,  using  handkerchiefs,  etc. 

9.  Beplace  the  patient's  wet  covering  by  such  other  cov- 
ering  as  can  be  instantly  procured,  each  bystander  supply- 
ing a  coat  or  a  waistcoat.    Meantime,  and  from  time  to  time^ 

V.  Again,  to  Excite  Inspiration, 

10.  Let  the  surface  of  the  body  be  slapped  briskly  with 
the  hand ;  or 

11.  Let  cold  water  be  dashed  briskly  on  the  surface^ 
previously  rubbed  dry  and  warm. 

Avoid  all  rough  usage.  Never  hold  up  the  body  by  the 
feet.  Do  not  roll  the  body  on  casks.  Do  not  rub  the  body 
with  salts  or  spirits.  Do  not  inject  smoke  or  infusion  of 
tobacco,  though  clysters  of  spirits  and  water  may  be  used. 

The  means  employed  should  be  persisted  in  for  several 
hours,  till  there  are  signs  of  death." 
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A. 

Acceleration  of  motion,  185. 
Adirondack  watershed,  xoi. 
AdjusUble  effluent  pipe,  364. 
Advantages  ot  water  supples,  99. 
Air,  resistance  of,  to  a  jet^  190. 
Air  valves,  523. 

"  vessels,  5^4,  565. 
Ajutage,  an,  213. 

inward  firojecting,  az8. 
vacuum,  214. 
Algae,  fresh  water,  129. 

Analyses  of  lalce,  sunng,  and  well  waters,  117. 
*^        *•  mineral  waters,  143. 
"         '*  potable  waters,  table  ■  1x7, 138. 
«i         «i  riv^and  brook  waters,  xi8,  laa 
Analysis  of  impure  ice,  136. 
Anchoring  stand-pipes,  588,  589,  599. 
Angles  of  roiwse  o\  m-isonry,  396. 
Angular  lorce  jrraphically  represented,  175, 
Apertures,  sluice,  301,  202,  303. 
Aquatic  life,  purifying  office  of,  132. 

**      organisms,  131. 
Arago*s  prediction  at  (Jrenelle,  106. 
Ar.*as  of  sluice  valves,  360. 
Artesiun  wells,  105,  106,  108. 

'*  *'       temperature  of,  table,  127. 

Artifi-jial  clarification  of  water.  159. 
"        ;;athering  areas.  100. 
'•         pollution  of  water,  152. 

stonige      *'      *'       84,93,95,98,99. 
Asphaltum  bath  for  pii>es,  475,  487,  490. 
Atlantic  coast  rainfall.  53. 
Atomic  theory,  16,?. 
Attraction.  ca|)illj>ry,  5(96. 
-Atmospheric  iinpuritics  of  water,  laa. 

'*  pressure.  182. 

Averag  •  cimsiimplion  of  water,  44. 

B. 

Hacteria.  u-S.  1  o,  s^*>l\  556<r. 
Dasins,  clear  water.  530. 

filter,  536,  537,"  548,  551,  553,  555. 

mtiltratio  .,  5 17. 

settling,  5 so.  " 
liatters,  front  of  Vnasunry,  383,  38";,  387,  424, 
fReam.s.  cvlindric.il,  strength  of,  6:>o. 
Wends  and  brant  hes.  272.  275,  478,  485. 

"       coefficient.,  tor.  t.ible  of.  274. 
Blow-off  valvts.  313. 
BoiL'tal  NewiH^rt  water  works.  580. 
Hoilers,  ^77.  578.  -So. 

■Bolts  and  nuts,  smnilird  dimensions,  624. 
Molts  in  fl  \\\\i  s,  tabic  of,  46J. 
»Rolt-lioles.  tenii'let  for.  460. 
'Bovden's  hook  gauge.  297. 
•Branches  ;ind  bend.s,  272,  478.  484. 
com|X)site  pi|>e,  484. 
"         formula  for  flow  through,  275. 
British  water  supplies,  37. 


Bucket-plunger  pump,  557«  567* 
Building  stones,  strength  of,  404. 
Bursting  pressure,  932. 


Caloric,  influence  of,  163. 
Canal  banks,  370. 

in  side  hill.  370. 

miner's,  375. 

open.  370 

revetments  and  pavings,  371, 374. 

slopes,  37 1,  374. 
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stop  gates,  573,  374. 
"    " elf 


Canals  and  channels,  velodUes  m,  300, 303, 30% 
307,  308,  3x0,  31a,  3x4,  3x8,  3»i  3351  33^33P^ 
373. 

Canals  and  rivers,  observed  flows  in,  taMe  oC 

307*  373 
Canals  and  rivers,  coefiiciettts  for  flow  io,  jpL 

"      irrigation,  370,  37a,  37J,  37s,  376*. 

'*      noted,  373, 37toa, 

"      water  supplv,  \r\  yi%,  yi^ 
Cantilever,  strength  of  cylindrical,  599,600^601. 
Capacity  for  filter  beds.  552,  554. 
Capillary  attraction,  296. 
Cast-iron  pij>es,  451. 

"      weights  of.  465,  468,  4*^ 
Cast  socket  on  wrought  pipe,  4)83. 
Casting  of  pipes.  4^2. 
Cement  joints  of  pipes,  48a. 
•'        lined  pipe  ,  479. 
"        lininj;  of  pipes  with.  ^8t. 
**        mortar  for  lining  ana  covering  plpfli^ 

487. 
*•        tensile  strength,  623. 
Census  statistics,  31. 
Central  rain  system,  49. 
Chamber,  effluent,  358. 
**         influent.  366. 
*•         walls,  369. 
Chandler's.  Prof.,  remarks  on  wells,  x^ou 
Channels,  coefficients  lor,  308,  308.-,  37,,  444. 
**         depths  and  relative   volumes  and 
velocities,  328,  443,  444. 
ex|>erimental  flow  ni,  307.  309.  3x2. 

314,  315.  3i7»  3»^  .^3-  32<S  y^' 
flow  in,  oxpcr.mental  data,  306,  jt^A 

o\ii.\  2 rh  Sjo,  373t  375. 
form:ilas  for  flow ,  table,  j.-,,  310. 
inclination  in.  304. 
infl-i'-'nces  affecting  flow  in.tckD.-'-.ji'V. 
mean   velocities,   312,  314,  '3x6,  3181 

319. 
ratios  of  surface  to  mean  velocity 

3i!>,  443- 
surface  velocities,  3x3. 
velocity  of  flow  in,  303, 304,  307.  30!^ 

310.  314,  318.  321,32^,  444- 
velocitics  of  given  films.  311. 
water  supply,  protection  of^  431. 
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Chi^u:!!;  [isles  oi  pipe  metala.  a 
Clwrc<Ml  cliuiBciition  ol  w4lsr,  s 


luon  uf  variaiu,  31.         ^ 
nipplled  to.  3i.  36.  i7. 
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Cluic>!£^a  Dl  wile 

■■                ■'       nutnnii.  I'tsT 
Oaalnc  of  Biter  bob,  jjj. 
CkBu  witei  buln*.  ju. 
CllmUe  eflecu,  ninliiU.  47. 
Cod  tequiied  im  pnmniBg,  jSi 
Co«Un(i(i»nh«llir-' 

Coofficknlt,  com 


4B).« 


x>undlube^^i»,  h 


lub«,»<, 

eiperimenliil,  loS,  jM. 

ublepf.ijj. 


r  Of  ificea,  .90.  199, »). 
t  meiers,  jjs.  116,  3»6b. 


(nrpipcs.  ij6,  »»■,  067. 


■011.156. 
"  GeiwnrElll!.  u 
"  L'Abbc  Bosnit. 
*•  Lespiniisw,  wi, 
"    Mlcbelulti,  igS. 

"    Rennltim. 
luclow  ul  in  short  lu 

mein^'f'jr  smootb  ud 
Wfl.  Hi  .•«7-         ^ 


;;  fi™^mjip.  >i6.m'.mS,« 


orlG^e  lets.  »B. 
pncllcal  inpllcaliwi  at  ig 

n^Oincf  in  bends,  174. 
Wilei  ml.  for  pipe*,  =36.  a, 


(oiind«liopa.  16S. 
"  "  Sh  [dpca,  »5l. 

;;      ^'fli"ii™;  of.  j«. 

"  «»]1,  ijS.  M*. 

CdDduitatch,  letust  of,  U7. 

"       masDEuy  ta  be  aelC«mUhiltigt 
Conduiti  tnd  pipe 


lino  of.  )jS. 
iciOisDfnoted,  449- 

eMinpleso[.;4^3'.435.4S8.4».«* 
(oraioiM  lor  €ow  in,  441.  445>  *«■ 


prolnilkHi  fnimnvst  436, 

don  oTpieiture  In,  4)1, 


Caastruction  n.'  Bnbmnkmenta.  34!. 

"  "  Gltet  beds.  sA 

CoiisutnpUon  of  w>t«,  34.  «3.  5^ 
CoWeoUol  pipes.  SM. 
Cortotio  cmWlunnl,  j4«. 
CoTnisb  ru'iip,  ii7.  sij- 
CoM«  of  punipiog  micr.  574,  J75. 
Crib-Hratk  foundiuima,  38 j. 

weir,  184. 
CiMon  badn,  ninlull  upoo,  ra. 

■      Dnin, «. 

"      Aqueduct,  j:  43i.  444,  ♦«■ 
CuiIh,  stop-rdve,  jij. 
Ciureni  metctr  jh-  }>)■  )i6,  ^aSa. 

Currcd-fici 


Cycle,  low. 
Cylindrii-' 


nllei 


ukmenl.  ng.  34! 
evera,  BtnnKIh  of,  999,  flo 


tarns,  upconK  .if.  j8j,  jg;.  )SB. 
(»p!l.l86, 
■'      dlsclurges  over,  J90,  i^Sa,  378, 380,  jfc 

3S8. 
"       forms  of.  ^.  sBg,  3B,.  391. 
"      iix  ttuu«t  on,  )S6. 

Uccy-I^lot  tube  itauile,  10. 

l.!brlii,  anallnK,  sjo.       "     '  **'' 

leivIlU  mad  voTymes  ofynUt,  rebdn,  iOl. 

Icpthl  of  l.iTK-S  so.,  JM. 

*■       on  weirs.  n6  .»>.  19S1. 
■esDJds.  in  frebta  poDds,  199. 
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Details  of  stop-valvet,  513. 
Diagonal  force,  17^. 
Diagnuns  of  pomping,  4a. 


♦♦  lamiall,  55,  57, 50. 
*'  stind'pipe  labilities,  597. 
Diameter  of  sub-mains.  507. 

"         *•  5upply-main,  500. 
Dimensions  0(  existing  canals,  373. 
**  '•  filter-beds,  5*4. 

*'  ^*  retaining  walls.  490. 

Direct  pressure  systtem,  535,  590. 
Disci^arge  •  uf  pi|>es,  498,  500. 

over  waste-weirs,  378, 381. 
•*    weirs,  a88,  9^0,  aQSa. 
D.stribution  pipes,  493,  495,  503,  505,  506,  508. 
Domziitic  draught  of  water,  34,  508. 
Drjiaage  from  given  areas,  67,  75. 
Draught,  variations  in,  41. 
Drowning,  resuscitation.  633. 
Duplicate  pumping  iiiachinery,  590. 
Duplication  in  pi|)c  s)r<4ems,  510. 
Duty  of  pumpmg-engines,  574,  576,  580,  583. 
Dwellings  in  various  cities,  33,  33a. 
Dykes,  canal  and  river.  371. 

E. 

Earth  and  rock,  porosity  of,  loa. 

*•     embankments,  33?,  347,  348,  353,  370. 

*'     evaporation  from,  89.  90. 

*'     pressures  against  walls,  408. 
Eastern  coast  rain  system.  50 
Economy  of  high  duty  of  pumping-engines, 

**         "  skilltul  workmanship,  369. 
Eddies,  in  weir  channels,  393. 
Effect,  mechanical,  of  the  etflux,  335. 
Effluent  chambers,  358. 

"        pipe,  adjust  ble.  364. 

'*  '*    ice  thrust  u|x)n,  358. 

Efflux,  equation  of,  211. 

*•      factors  of  llie  coefficient,  197. 

*'      from  Dipcs.  coefficients  of,  196,  227, 
"     sluices,  20 1,  203,  205,  206,  307. 

"      mech:itn(  al  effect  oi,  225. 

"       peculiarities  uf  jet,  207. 

"      volume  from  shori  tubes,  194,  310,  214, 
Elasticity  aud  compressibility  of  water,  167. 
Electric  current  uu-lers,  326,  326a. 

"        meter  register,  325a. 
Elementary  dimen-ions  ol  jujies,  504. 
Klements,  the  vapory,  45. 
Embankment,  a  lipht,  333. 

"  core  lu.uerials,  339,  342,  348,  354, 

cut  olT  walls.  ?3o,  338,  348. 
*'  example  ot,  347. 

failures.  3:54. 
fine  sand  in,  353. 
foun<lalions,  335.  ^37,  338, 
frost  coveriu}^,  350. 
gate  chambeis,  357,358. 
masonry  fat  ed,  354. 
materials,  coe  s.  ol  friction,  345. 
friciiouu4     angle    of, 

34=;- 

"  proportions    of,   340, 

34'9- 
'*  weijihts  of,  341, 

pressures  in.  343. 
puildie  wuil.  3^1,  354. 
puddled  slopes,  352,  356,  370. 
revettetl,  149,  354.  370. 
sheet-piling  under,  339. 
site,  reconnaissance  tor,  347. 
slope-paving,  350.  355. 
slopes,  344,  345,  350,  355. 
sluices,  355.  356.  358. 
soils  beneath,  337. 
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Brobankment,  q>iiiigs  under  foandatioo,  jgk 
*•  substructure.  336. 

*^  siphon  waste-pipe,  358. 

**  test  tMrings  at  site,  336. 

*-  treacherous  strab^  uoder,  33I 

Embankments,  canal,  370. 

*'  eftcct  Ol  waves  on,  388. 

**  Indian.  334. 

"  reservoir,  333. 

Energy  of  jet,  335,  276. 
England,  supply  per  capita,  37. 
Equation  of  motion.  x86. 

**  resisUnce  to  flow,  a33. 
Equilibriu-n  destroyed,  r7o,  3cx>. 
Equivalent  heads  and  pressures  of  water,  flt^ 
Errors  in  application  of  forTnular,  95a,  asj. 

•*      "  weir.' measurements,  996. 
Estimates  of  ipw  ot  streams,  78,  94* 
European  infil|(|ktion,  ^44. 

"*        watMrsupplies  36. 
Evaporation,  e^ect  upon  storage,  93. 
'*  examples  of,  90. 

*'  from  earth,  89,  no. 

**  **     reservoirs.  94. 

**     water,  88,  89. 
**  phenomena,  87. 

**  ratios  oC  table.  9a. 

Evaporative  power  of  boilers,  578,  580. 
Examples  of  conduits.  431,  438,  439. 
Expansion  of  water,  164,  166. 
Expansions  of  pipe  metal,  458. 
Experimental  channel  data.  306. 

coe.'s.  for  hydrometers,  39$. 
"       ••   pipes,  236.  241. 


flow  in  channels,  336,  307. 
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312,  314,    315,    317,    321,     323, 

326rt. 
hose  streams,  520. 
Experiments  with  weirs,  384,  388,  291, 294. 

**  by     Fairhairn     on    cylindricif 

beams,  600. 
•*  bv  Bailey,  240. 

**  *'  Hossut,  199. 

**  *•  Eytelwein,  220,  22a. 

•*  "  Eytelweins coefs., 

**  *'  Castel,  200,  217. 

'*  *'  ('/Ouplet,  239. 

**  '*  Darcy,  237,  240, 

"  Du  Huat,  238. 
**  Ellis.  201. 
*'  "  Fanning,  238. 

"  *•  Lespinasse,  20X. 

•*  **  .Michelotti,  298. 

*'  "  Provis.  198. 

**  "  Kennie,  199,  239. 

**  Smil^,  23&r 
with  compound  tubes, 
"  "    current  meter,  325*. 

**  '*    cylindrical  beams.  60* 

"  **    orifices,  198.  199,  200,  aoi* 

**  ''    short  tubes,  2x7,  219,  aaob 

Exposed  stand-pip->s,  598. 
Exponents,  27if,  27ii/,  309. 

F. 

Faced  revetments,  42(^' 

Factors  of  salety,  449-  45Xt  453.  48s  48^  599 

r  ailures  of  embankments,  354. 
*'  walls,  437. 

FaHinp  bodies,  187,  190. 

Families  in  various  aties,  32. 

Fascine  revetments.  371. 

Filter-beds,  547,  5^8,  551,  553,  554. 

capacity  of,  552,  554,  ss6d. 
cleaning  of,  553,  556A 
construction  o:,  548,  551, 554. 
ice  upon,  $5^ 
protection  of,  (48,  555. 
temperature  ot,  555. 
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Filter-beds,  vegetable  growth  in,  555. 
Filters,  Atkin's,  536. 
Fire  draugiit  oi  water,  34,  506,  508.  510. 
'*    extinguishment,  reserve  for,  44, 
*^    hydriftnts,  510,  516.  519,  521.  5*3. 
**    losses,  effect  ot  water  upon,  26. 
**    service,  493,  s88.  5d.>,  591. 
*•         "         hcacf  desirai.lc  .or,  403. 
**    supplies,  diamcle  so('pii>csfor,  510b 
fish  scTwiens,  365. 
>*lan<!es,  diameters  of  valve,  463. 

**        of  cast-iron  pipes,  463. 
1*  *ash-boards,  378. 
flashy  and  steady  streams,  71. 
Flexible  pipe-Toints,  463. 
Floats,  double,  gauge,  336. 
•*       maximum  velocity,  338. 
**       in  id-depth.  336. 
Floo<l  flow,  65.  98. 

"     volumes,  63,  6^,  66,  67,  75,  380,  381. 
*'     ratios  of,  to  rainfalls,  63. 
**     seasons  of,  68. 
Flow,  available  for  consumption,  94. 

**     coefficients  of,   in  pipes,  230,  236,  243, 

248,  495. 
**     compensation,  86. 
•*     equivalent  lo  given  depths  of  rain,  81, 
**     Irom  Croton  and  Cochituate  basins,  73. 
••        *'     different  surfaces,  77. 
•*        "     Sudbury  basin,  83^/. 
•'     gauged  volumes  ot,  277. 
**     gravity  the  cause  of,  299. 
•*     m  channels,  experimental,  306,  307,  309, 

312,  314,  315,  317,  321,  323,  326,  326rt. 
**     in  pipes,  tnctional  bead,  225.  333,  350, 
a53»  353,   254*   255*   a66.  .3e8,  370,  495, 
508,  sa^. 
**     in  pipes,  velocity  formulas.  349,  350,  35a, 

a54»  a59  263.  266,  3'.7,  268,  270,  273. 
**     in  seasons  ot  mmimum  rain,  69. 
**     increase  and  decrease  of,  86. 
**     influence  of  absorption  and  evaporatioa 

upon,  68. 
**     minimum,  mean  and  flood,  75. 
**     of  streams  and  channels,  65,  299. 
•*     "  water,  184. 
••     over  a  weir,  280. 
**     per  acre  and  {)er  mile  from  given  rains, 

82. 
•*     periodic  available,  69,  loi. 
**     resistance  to,  in  channels,  232,  300. 
sub-surtace  equalizers  of,  70 
summaries  of  monthly  statistics  of,  71. 
through  orifi  'cs,  194. 

pifx»,  233,  495i  508,  560. 
short  tubes.  213. 
sluices,  pipes  and  channels,  161. 
Fluctuations  of  streams,  73,  83^,  loi,  319. 
Flush  hvwrants,  51;^,  521. 

Foot  and  inch,  equivalent  decimal  parts  of,  457. 
Force,  loss  of,  in  pi|»es.  234. 

*'       pt'rcus;ive,  of  particles,  321. 
Forces,  anirular   176. 
**        cquiv.ilent.  172. 
**        fjraphicallv  represented.  175. 
Formula,  e ill ux  from  an  orifice.  196,  209,  311. 
"        •*      short  pipes,  315. 
for  area  of  sluices,  361. 
**   capacitv  «»1  air  vessel,  566. 
**   ro:il  lor  pung^iini;.  581. 
**   current  nioter  coefficient,  326. 
**  **   curved-tace  walls,  431. 

**  **    dc*|>th  upon  a  weir  286. 

**   duty  of  pumping-engines,  576, 
*'   earth  pressures  upon  walls,  410, 

41a,  4*3,  415*  4»6. 
"   cnerjfy  of  jets,  226. 
**   hydraulic  mean  depth,  335,  303, 
44»- 
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Formula  for  iaclinatio  1  in  channels,  304. 

*'   pipe   coefficients,  336,  342,  167, 

371.  271//. 
'*  power  consumed  in  pumps,  560^ 
561. 
•'  '*  power  to  produce  flow  in  pipes, 

561. 
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••  pressure  in  pH^es,  447. 

**         **        on    submerged    walla, 

39  ^  394' 
**  relative  volumes  and    tcmpenu 

turesoi  water,  166,  167. 
resistance  in  channels,  301,  303. 
submerged  orifice,  209. 
surcharged   pressure  walls,  414, 

416,  423. 
thickness  of  walls,  399,  413,  431. 
triangular  notch  weir,  294. 
"   velocity  in  channels,  303, 304, 307, 

3o8»  3Mi  320,  325,  326. 
**   v«;luine    at    given    temperature, 

165. 
*'   weight  of  cast  pi|)es,  460,  465, 

467. 
gravity  and  motion  due  to,  186,  187, 

190. 
heights  and  times  of  flailing  bodies, 

186.  187,  190. 
of  factor  ot  safety,  593. 
•*  M.  Chezy.  pipes.  253,  270. 
"  power  to  open  sluices,  363,  364. 
'*  pressure  in  cylinders,  448,  593. 
*'  resistance  of  tanks,  589. 
*'  weight  of  anchorage  ot  tanks,  589. 
'*  Weisbach.  357. 
**        "  wind  and  force  on  tanks,  588. 
Formulas,  coefficients  for  v\c;r,  384,  287,  a88, 
289.  291,  293,  294 
for  diameters  of  pi|>es,  251.  266,  369, 

370,271,498, 
for  flood  volumett.  66.  67,  320,  380. 
**   flow  in  conduits,  442,  443. 

'*  pipes,  254,  357,  371,  498. 
ongin  of.  339. 
through  bends,  373. 
•'         branches,  375. 
•'         channels,  303,  304, 
307,  308,  31Q,  314, 
320,  325,  336. 
**    gauging  streams,  330. 
"    head,  pii>es,   233,  350,  366,  a68, 

370  271,  404. 
*'    lengths  of  pi|>es,  269,  270. 
'*    pi|)es.  various  compaied,  3^4. 
*'    resistance  to  flow.  230,  2^3,  334, 
250.  2:4,  356,  266,  268,  370.  27a, 
..     .*7i»  275,  528. 
••    shafts.  617. 
*'    thickness  of    pipes,  table,  466, 

486,  487 
**    tliickncss  of  cast  pipes,  453,  454. 
44  4.         44  wrought  pipVs,  448, 

450,  486. 
*•   velocity,    pi}>es,    248,   249,  350, 
259,  266,  267,  368,  370,  373,  498. 
'•    velocities  in  channels,  30a.  303, 
3^.  307.  308.  310.  3t3,  314,  3ao, 
335.  326,  330. 
*'    volume,  pipes.  250,  254, 366,  498. 
**    water  ram,  449 
**        "     storage  ratios,  95.  97. 
**    weir  volumes.  283,  383,  384,  a86, 

287,  291.  3o8rt.  ^79,  380. 
**    wide-cresleo  weirs,  393. 
manv  incomplete.  352. 
misapplication  of.  316. 
of  thickness  of  stand-pipes,  593,  599^ 

599.600. 
stAbility  ot  masonry,  395,  ^97,  398. 
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Fommlts,  velocities  nod  times  of  fldling  bod- 
ies, x86,  187,  190. 
Foundation,  concrete,  386. 

**  cmbanlcinent,  335. 

**  i.n  pipes,  487. 

"  of  conduits,  ^33. 

"  *•  jfalc-chainbers,  367. 

•*  **  walls,  395,  406,  407. 

**  under  water,  430. 

Foundations,  angles,  396,  423. 
"  frictions  on,  396. 

"  of  stand-pipe>,  586.     » 

Fountain,  use  of  water,  34. 
Francis,  Jas.  li.,  experiment;  with  weirs,  284. 

"        tubes  5x7. 
Frankland's  deti  ition  of  polluted  water,  137. 
Friction,  cocfticicnt  of  masonry,  196,  444,  495. 
in  pipes,  230,  2^,  j^u,  a^,*,  405,  508, 528. 
of  ice  on  canals,  3^2. 
'*  pumpin-j:  marfimery,  578, 
Frictional  hca«l,  formulas  (or,  225,  233,  250, 252, 

253,  2^4.  2;:.  2fi6.  2^8,  270,  4.,)5,  508,  528. 
Frost  curtain.  y»7. 

"     disinlfjinit'on  o   mortar  liv.  436. 
*•      protcrti"  »  c  f  conduits  trom,  436, 
Fuel,  expense  lor  pumping,  581. 
"      required  for  pum|)ing,  575. 
Fungi,  m!crosco]»ir.  i2> 


Galleries,  lntlltrjiti<m,  539,  540. 
Gate  cliambers,  357,  {67. 

*•     hydrants,  522. 
Gates,  .'•top,  canals.  374. 
Gau(>:e,  Darcy-I'itot  tube,  322. 
"       Da  rev's  <louble  .une  322. 
"       doubiv.'  float,  12O. 
'*       f)rmuli"s  319. 

Look,  !lo\Miin's.  296.  297. 
"       m:ixi:MMin  veloeitv  float,  328. 
nrii-«U-;>ih  float.  3^6. 
Pilot  tube.  yjo. 
r.jin.  <>3. 
rulr,  li.r  weirs,  298. 
••       lul»e,  317. 

"        tub'  .  Mil  sr:ih  ,  weirs  2  S. 
Wolfti.in's.  1..1. 
Gau;^es  :in<l  wei^'lits  u''pla»«-  iro:i,  487,  488. 
Gau^ur^,  hvilionitter.  ^lo,  ^ji, 

0.  iu'»unt;nn  streams,  .:<^. 
'•  ranlall.  62. 

1.  rjvor^.   r8.  m.-,. 
(real'-'-  r>r  *;lun  >--;:ite.-,   ^^i. 
(Je:i''i:il  r.iiiilall.  .tf.. 

(fi")!  '^it  il  M'  ■••.<•.  ;  iiiilit  atidfi.  Kv',  108. 
(ii.iiMil  ir  :  •    I'l'-iA- ol   I'l  (seiir\    4<-.^. 
(jrtit.'ii'.ii  ir;  ».-^(  rit.tfmn  (»f  force.  175,402. 
(ir.iv  It  ill' III     <      •.Ml,  ^ni,.  5<jo. 
(fravil\-,  I    -.  1  '7.  I.-  ,  !)"->.  j^'i,  299. 

•'         .  .-litre  <■».  177.  y,^,'^J2. 
Gieat  rain-stniiim.  61. 
Group;  <l  K'.iiil.'!!  *«t.'tistics,  52. 
Ciroutinj^,  ...j.  ;(.,. 


t. 


H. 

HanKiii'i:^  imimiitics.  i.'5. 

Hatiinc^s  lit  w.itiT    1/3. 

lie  1(1   <1      •  irl  ■  for  liie  MTvice,  493. 

<.  fl'-f  live  in  pip  •-'^wtem,  493. 

l.<»\\  i<»  V.  i>ii<iuii/<-,  jjC. 
"      lo--;  !iv  iri(  t'on,  493. 

^u!)  l.v  *ii«>n>  <>l,  .'2^. 

valiif  1)1.  ^,t\. 
Heat,  units  <»t.  utili/.ed,  <i78. 
Heights,  fallini:  IkmIics,  187,  190. 
"        of  waves,  jS8. 


Hir8ch*s  MffM'  test  of  water,  130. 
Helpful  influence  of  water  supplies,  tj. 
Hook  gmujge,  Boyden*8,  996. 

*'         **^     use  to  detect  fluctuatku,  31^ 
Horse-power  of  effluent  jet,  225. 

**         **       to  produce  flow,  561. 
Hose  streams,  510.  590. 
"     use  of  water,  34. 
Hudson  river  basm,  -01. 

**       vallev  rainfall  in.  53. 
Hydrants,  sid.  517,  519,  522. 
**  high  pressures.  522. 

**         streams,  520,  585. 
Hydraulic,  excavation,  376. 
masonrv,  3^^. 
mean  depth.  235.  303,  441. 

**      radius,  =36.  445. 
power  pumping.  589,  591. 
"  proof  ot  i>i|>es,  477. 

Hydrometers,  Castollls'  and  otlicrs,  326, 
coeflScients,  325,  326,  3263. 
gauging;  with.  ^16,  325, 3S& 
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I. 

Ice  covering  of  canals,  372.  386. 
*•    impure,  in  drinking  water,  135. 
**   thrust.  ^58,  386. 
Impounders,  flow  to,  8( . 
Impounding!  of  water.  144. 
Impregnation  of  water,  141,  152. 
Impurities  ot  water,  iw,  13S. 

u^jrioultural.  134. 

atuiosplicric,  laj. 

niunufacturing,  134. 

mineral,  115,  133. 

or;;anic,  116,  127,  130^ 

scwapc,  134, 

sub-surface.  123. 
deep  wells.  125. 
Inch  and  foot,  decimal  parts  <if,  457. 
Inci'U-nt^l  a«lvnntaf.;<.r  <•    v.  .lU  r  supplies,  99b 
Inclination  in  channrlv,  .>.-,  ^j^  371,  372,37^ 
Jnereasc  in  u*-**  of  waU  1,  y). 
Indian  euibankni   iits,  ;?•. 
In«li(;'lor,  s:o|>-vaive.  ;<   ;. 
Infiliratio  ».  557.  5:.  ,  s,  ,  544,  546. 
Influent  eli;t!u'>er.  v  ^. 
lnfii>^'»r-.i,  i;<  >. 
Inhabi'ant.  *>upplv  pir.  4  .. 
Inspe.  tiojis  ol  st;'n<l-pipf  materials,  590,601. 
lnlercej)tinu  well,  ^ttj,  54^'- 
Iiiten  hanji  iblc  pipi -joints,  ^(y. 
Introdtulion  o(  ;:1'    l^.  ^51. 
Insijr.MiC'*  sehedule.  .^^). 

Itive^tini-nt.  \.dueol  water  s>ipplies  asan^a^ 
Ik  ti,  t;.iuy;(.s  and  ueijihls,  4.S8. 
"      slni<e  valve«».  V-o. 
"      work,  varnishe.-i  lor,  474.  476,  489. 
IrrijjatioM  lanals.  370,  37a,  373,  .7fw. 
Isolated  weirs,  3S3. 


J. 
Jets.  -11.  jt^j, 
"    cocffiti'iits  of  velocity  and  con 

I  /'.    K/S.   208. 

*'    ( ontraction.  218. 
'•     vuiyin;!  lonns  of.  211. 
**     velocity.  208. 
Joints,  mortar  l(»r  pipes.  487. 

*'       of  cast  pipes.  457,  461,  463,  469. 


K. 
Kutter*s  coefficients  for  channels,  305,  306 


in1)e:s. 


m 


Lake  waters,  X43« 
LaHes,  150. 

Laying  of  wrougbt-pipes,  482. 
Lead,  joint,  468. 
Lead-pipe^  639,  6301  631. 
Lengths  of  waste-weirs,  .^81. 
Level,  use  of,  in  gaugiiif^,  319. 
Leverage  of  water-pressure,  397. 
"  resistance  of  walls,  402. 

stability  oi  masonry,  397. 
Life  of  dams,  388. 
Limiting  pressure  in  masonry,  686. 
Lining  of  pipes,  cement,  481. 
LojjarUhms  o.  ratios.  121. 
Loss  by  evaporation.  87. 

"    from  reservoirs.  84. 

**    of  head  by  Iriction,  276,  493. 

M. 

Mains  and  distribution  pipes,  446. 

"      power  to  produce  now  in,  561. 
Masonry,  angles  of  repos-*.  396. 

cocfiirienis  of  friction,  396, 

concrete,  41:9,  430. 

conduits,  431,  437. 

coverings  of  waste  pipes,  357. 

examples  of  pressure  in,  392,  397, 
401,  406,  412. 

faced  embankment,  354,  409, 418,  423, 

42^. 
trictional  stability  of,  402. 
uranular  stability  of,  402. 
hydraulic.  369. 

limiting  pressures  in,  403,  404,  586. 
step  and  curve  batters,  383,  385,  387, 

424. 
weight  leverage  of,  398. 

"       "'.  395.  397.  404*  423. 
Materials,  embankment,  339,  341,  342,  345,  348, 
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35^  354. 
■  f  stand-pipes,  590. 


Maximum  velocities  of  flow,  508. 
Mechanical  energy  of  effluent  water,  225, 
Metal  plates,  tests  of,  590,  591. 
Metals  for  staml-pipes  thickness,  595,  596,  597, 
598,  Co  I. 

"      pi|>e,  470,  472. 

"      tenacities  of  wrought,  451,454,  486.  491. 
Meters,  current,  322,  325,  326,  326a. 
Metric  weight?,  and  measures,  611. 
Microscopical  examinations,  138,  471. 
Mineral  im[>uriLies,  115,  138,  530. 

spring.s,  142,  143. 
Miners'  canals,  375. 
Misai>pli'.ation  ol  Ninnulae,  316, 
Mississippi  valley,  raui  all  in,  54. 
Molecular  theories,  i6j,  296. 
Molecules,  185. 

Moment  ol  earth  Icveraj^e,  41 :. 
Monads,  ijo^-,  550^. 
Monthly  an  i  Iiourly  variations  in  the  draught, 

4»- 
*'        fluctuatior's  in  rainfall,  56. 
Mortar  for  lining  ami  covering  pipes,  487. 
Moti<»n,  accelerati/U  of,  185. 

e(]uations  of,  186. 

of  a  pi.ston,  562. 

of  water.  18 y,  194. 

p.irabolic,  of  a  jet,  187. 
Moulding  of  pipes,  451. 
Moulinets,  3^3,  326. 
Municipal  c»)ntrol  of  water  supplies,  a8. 


N. 

Natural  clarification.  149,532. 

"       laws,  unilbrm  effects  of,  61. 
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Necessity  of  water  supplies,  35. 
Noctos,  139. 

O. 

Ohio  river  valley,  rain&ll  in,  54. 

Open  canals,  370. 

Ordinary  How  o;  streams.  80. 

Organic  impurities,  80, 113,  116,  531,  537. 

Organisms.  129,  131,  133. 

Orifice,  submerged,  309. 

**       volume  of  efflux,  2x1. 
Orifices,  classes  of.  194. 

coefficients  for  circular,  196,  198,  299, 

coefficients  for  rectangular,  198,  aoo, 

201,  202,  205,  206. 
convergent,  212. 

'*  path  toward,  194. 

cylindrical  uhd  divergent,  212. 
experiments  with,  198,  199,  200,  aox. 
flow  of  water  through,  194,  "210, 
Orifice-jet,  form  of  submerged,  195. 

peculiarities,  207. 

ratios  ol  minimum  section,  195. 

variations,  204. 

velocity,  196,  208,  209. 
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P. 

Pacific  coast  rain'all.  54. 
Painting  Iron  work.  476,  478  489. 
Parabolic  path  of  jet,  187. 

"  segment,  application    to  weir  voi 

umes.  282. 
Partitions  and  retaining  walls,  390. 
I'aving,  concrete,  355. 

'*        embankment  slope,  348,  350,  354,  355 

356.  358. 
Peculiar  water  sheds,  71. 
Penstock,  cylindrical  wood,  439.  441. 
Percentages  of  rainfall  on  river  basin,  73,  83A, 
Percolation  from  reservoirs.  85.  94. 
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01  ram,  i-^.  105,  m. 


under  retaining  walls,  406. 
Permanence  of  water  supfily  essential,  585. 
Persons  per  familv.  32^  ?3rt. 
Physiological  effects  o!  tlie  impurities  of  watd^ 
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114. 

office  of  water,  25. 
ve,  adjustable  effluent,  364. 
and  conduit,  2^3. 
blanches  composite.  484. 
coverin'^s,  /Si.  487,  48c>.  501,  502. 
distribution,  49^,  495,  505,  505,  506,  508. 
joints,  t^st.  457,  461,  463,  469,  483. 
**    hub,  on  wrought,  483. 
dimensions  of.  451,  459,  46a. 
'*      flexible,  463,  464. 
"      interthangeafjle,  469. 
metals,  470,  472. 

"        wro'i^lit    -trength    of.  451,  454, 
68,  490,  491. 
resistance  at  en i ranee  to,  226. 
shells,    wrongfit,    thickness  of,  448,  485, 

486. 
system >,  duplic  'itioii  in,  510. 

'•         illustrations,  493.  510. 
testing  press  477. 
walls  resistances  of  227,  228. 


Pines  an«l  sluices,  embankment.  355. 
'*     casting  of,  452. 
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cast-iron,  447,  451,  453. 

*'  thickness  of.  453,  454,  455,  46^ 

••  \\  eights  of,  465,  468,  469. 

cemcnt-ioints,  482. 
''     lined,  47Q,  481. 

coefficients  :  f  friction,  236,  242,  348,  49^ 
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INDEX 


Ph>es,  concrete  foundations  for,  487. 

^  contents  of,  504. 

**  direct  pressuie  systems,  535. 

**  depths  ot,  501.  50a. 
**■  **         sockets,  459, 461. 

**  diameters  for  tire  supplies,  510. 

**  elementary  dimensions  of,  504* 

**  expunsiciis  of,  458. 

■**  flanges,  table  0174^2. 

**  formulas  ior  tliicki.ess  of  cast,  ^53,  466. 
*•  •'        *•    velocity,  heatl.  volume  and 

diameter,  324,  266,  26B.  370,  ajui,  498. 

**  formulas  ior  weigbits  of  cast,  46$. 

'•  friction  in,  222,  495.  508. 

*•  hydraulic,  proof  of,  477. 

••  lead  in  joi.its,  468. 

**  mains  and  distribution,  446. 

**  molding  of  cast-iron,  451. 

**  plan  ol  a  sysicm,  5015. 

^  preservation  of  surfaces,  473,  480,  489,' 

49>. 

•*  proof  tests,  476. 

**  relative  cajmcities  of,  498,  500, 

•*  service.  527,  528. 

**  short.  523. 

'**  square  roots  of  fifth  powers  of  diam- 

eters,  4*^,  500. 


**     static  pressure  in,  446. 
*••     sub-coeHicients  of  flov 


low  (fO»  27** 


M 


water-ram  in,  448,  449. 
wood,  491. 
•*     wrought-iron,  479. 
••  **        plates  for.  490. 

Piping  an<l  water  sunplieil,  38. 
**      ratio  to  population,  35, 
Piston  motion,  563. 

"       pump,  5^7,  558. 
Pilot  tul>e  nHii^ie.  320. 
Plant  and  inset  t  agencies,  147. 

'*     growth  in  reservoirs.  145. 
Plates  for  wrought  pipes,  490. 
Plunger  pump,  557,  563. 
Pluviometer,  C^. 

Polluted  water,  tiefinition  of,  137. 
Pollutin;;  liquiils  iim<lmissible,  154. 
Pollution  question.  156. 

of  water,  artificial,  132. 
Population,  and  relalion  of  supply  per  capita, 

'•  of  various  cite'-.  32,  33^,  33^. 

Portland  cement  tor  i'>i,ii  mortar,  487. 
Porosii     of  eartlis  ami  tocks,  nxz. 
Post  liy  Iraiits,  517. 

Power  consume- 1  by  variable  flow  in  a  main, 
560. 
•*      consume  I  in  puraps,  s^o,  561. 
•*       re'pjireil  to     pen  a  valve.  3^1,  364. 
Practic.d  con>.iiurliou  of  water-works,  333. 
l*re<  autions  for  tiiauj^ular  weirs.  .•■i<;. 
Precipit.tti'nj.  iTitiiienc.*  ot  elevation  upon,  50. 
Preservation   o.'    pipe    surface-,   473,  480,  4f9, 

491. 
Press  for  te-tiiu'  f)ipes,  477. 
Pressure,  a  hne  a  mcas»i  e  of,  i7«. 

conduits  tmder,  4  r->   4V<.  4V>. 

I  (inversion    inl«»   Iikm  iianical   effect, 

2  v>. 
conversion  o!  vclocitv  into.  227. 
diret  tio:i  ol  maximum  effect,  i7(>. 
in  stand-pioes,  50^. 
Icveraiie  of  water,  507 
of  earth  agam.st  walls,  408,  410,  413. 

41S.  *^^- 
of  water,  168.  172.  446. 
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Pressure  of  water  In  a  oondoH.  437. 
*'         proporiiooai  to  depth,  169, 171. 
resultants,  391,  400.  411.  418,  ay. 
sustaining  ufxin  floating  boditi,i]| 
transmission  oC  i8j.    . 
upon  a  unit  of  suruce,  171. 
upon  surface  ,  391,  393. 
weight  a  meaj^re  of,  173. 
Pressures,  artificial,  171. 

**         at  given  depths,  table,  its. 
**         atinosphciic,  x8a. 
**         centres  of,  177. 

convertible  into  motion,  184. 
examples  in  walls,  403,  404. 
from  inclined  columns  of 

Z70. 
neat,  in  hydrants,  ^a. 
Eorizoiital  and  vertical  effects,  tff, 
in  embankments,  343. 
limiting  in  masonry,  403. 404. 
static  in  piiies,  446,  448. 
total  of  water,  176. 
upon  circular  areas,  179,  446. 
**      curved  surfitces,  178,  448. 
**         upwa.d   upon    submerged  linlil^ 
181. 
Prism  of  weir  volumes,  38:, 
Processes  tor  preserving  iron,  474.  476, 48^ 
Profile  across  the  United  States,  48. 

'*'      of  retaining  walls,  407. 
Properties  of  water.  113. 

*^  embankment  materials,  34^ 
Proportions  of  *  **        ^^ 

Protection  of  filter  beds,  ^48.  555. 

*^       *^  water  supJMy  channels,  431. 
Protective  value  of  stand-pipes,  566. 
Prony*s  aiudysis  of  experiments  sss- 
Proving  press,  hydraulic,  477. 
Puddled  canal  bank,  3701 
Puddle-wall,  351,  354. 

"       slope,  353,  356.  370. 
Pump,  bucket-plunger,  557,  567, 60^ 
Cornish.  557.  563. 
piston,  557.  558. 
plunger.  557,  563. 
rotary,  5s8. 
valves.  53.-5,  563.  566,  568,  s^  570,  Sf>* 
Pumping  ol  water.  557. 

**  "        diagram  of,  43. 
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engines,  5S7.  567,  573*  577« 

adaptability  ot,  584. 
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cost  of  supplies,  575,  58t. 

^*      attendance,  57St  S^a 
duties,  574,  579. 580i  581, 58* 
fuel  expen-es  ^i,  583. 
principal  divisions,  577. 
special  trial  duties,  580^ 
values  compared,  583. 
machinery,  591,  503.  603. 

'*  contingencies,  586. 

*'  duf)licate,  60S. 

*'  for  direct  pressure,  sgc^ 

:;9i. 
*^  Manchester,  603,  609. 

system.  ^07,  608. 
wKtcr,  cost  of.  s74%  575. 
Pumps,  power  consumed  in,  560.  561. 
types  of.  557. 
**        variable  flow  through,  5*9, 
Purity  ol  water,  chief  requisites  lor,  114. 

*'        preservation  of,  148. 
Purification  of  water,  natural,  134.  157,  xs8. 


Ouality  of  water,  sugar  test  of,  15©. 

B. 

Radii,  mean  of  conduits,  441,  44a- 
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Rainfall  along  river  courses,  51. 
"       and  equivalent  flow,  St. 

diagrams  of,  55,  57,  59, 
'*       gauging,  fa. 
**       general,  46 
^       m  the  United  SUtes,  5> 
**       influences  affecting,  60. 
**        low  cycle,  69,  77.  78, 
**       monthly  fluctuations  in,  56. 
on  Cocniiuate  Basin.  7a,  73. 
"  Crotou  Basin,  83a. 
**       ratio  of  floods  to,  62. 
**        ratios,  7a.  ]oo,  loz. 
**       secular  fluctuations  In,  60. 
sections  of  maximum.  47. 
statistics,  review  if,  46,  7a,  83a. 
*'        volumes  of  given,  6a,  83a. 
Rainfalls,  flow  from  given,  per  acre  and  per 

mile,  8a. 
Rain-gauge,  63. 
Rains,  river  basin,  50,  72. 
Rain,  water  in  pipes.  449. 
Rates  of  fire  supplies.  506. 
Rating  of  current  meters.  325,  326,  3380. 
Ratios  of  evaporation,  91. 

**  monthly  consumption,  43. 
**       *'         flow  in  streams,  76,  zoi. 
**  qualification  of  dcdu<  ed,  99. 
**       **  rainfall,  flow,  etc.,  table,  72,  zoo^  zoi. 
**       **  standard  gallons,  xao. 
**       **  surface  to  mean  velocities  in  chan- 
nels. 315. 
••       **  variable  delivery  of  water,  564. 
•*       '*  water  storage,  95.  97. 
Reaction  and  gravity,  opposition  of,  330. 
Reconnaissance  for  emt>ankment  site,  346. 

**  of  a  water-shed,  78. 

Rectangular  and  trapezoidal  walls,  moments 

of.  399* 
Rectangular  weirs.  377. 

Reducer,  pipe,  478. 
Register,  electric  current  meter,  3254. 
Relation  of  supply  per  capita  to  total  popula- 
tion, 40. 
Relative  values  of  A,  A\  h".  353. 

"        discharging  capacities  of  pipes,  498, 

500. 

**       rates  of  domestic  and  fire  draughts, 

508. 

Repulsion,  molecular,  396. 

Reserve  for  fire  service,  44. 

Reservoir,  coverings,  556. 

distributing,  334,  353,  354,  356,  358. 

embankments,  333»335»34i.  345*  348, 

353. 
storage,  surveys  for,  347. 
strata  conditions  in,  146. 
system,  598. 
revetments,  354. 
Reservoirs,  failure  of,  334. 
•*  Indian,  3-^4. 

storage,  64,  87,  93,  95,  97,  loi,  347. 
subterranean,  105. 
»«  waves  u|)on,  088. 

Resistance  of  the  air  to  a  jiet,  190. 

**         at  entrance  to  a  pipe,  266. 
**         of  raaso  iry  revetment.s,  417. 
*'         to  flow,  measure  of,  230,  231. 
Resistances  to  flow  within  a  pipe,  327, 229,  230, 

333.  248.  254,  256,  a66,  272,  403 
Resistances  to  flow  in  channel,  300,  304,  307, 

310,  31a. 
Resultant  effect  of  rain  and  evaporation.  92. 
ReUining  wall  ,  390,  305,  397,  399,  406, 417,  420, 

42:1,  42^. 
effect  of  trafnc  on.  425. 
for  earth,  table.  420. 
front  batters,  434. 
percolation  under,  406. 
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Retaining  walls,  sectioos  oL  354, 407« 

**  ^*      top  breadtns,  434. 

Resultants  in  standf-pipes,  597, 

*•         of  pressure,  391,  400,  4x1,  418, 
Revetted  conduits,  431. 

**        embankment,  149,  354,  370, 499. 
Revetments,  faced  and  concrete,  439. 
**  final  resultants,  418. 

**  resistauce  of,  ^17. 

**  trapezoidal,  table  of,  400^ 

Riparian  rights,  85,  86. 
Rip-rap,  slope^  37X. 
River  basin  rams,  50. 
*'      tMsins  of  Maine,  84. 
**      courses,  rainfall  along,  51, 
*^      pollution  committee,  154. 
•*      waters,  J5X. 
Rivers  and  canals,  table  of  flows,  307. 
Rivets,  joints,  591, 59a. 

*'      table  oi^  59a. 
Riveting,  591,  592. 

Roof  for  biter  oeds  and  reservoirs,  548, 555. 
RoUry  pump,  5^8. 
Rubble,  grouted,  353. 
masonry,  25a. 
priming  walls,  353. 

S. 

Safety,  factors  of,  449,  451,  453,  485,  480^ 

„      504i  595.  598*  600- 
Sand  m  embankments,  353. 
Sanitary  discussions,  152. 

improvements,  a6. 

omce  of  water.  36. 
**        views,  precautionary,  154. 
Sch ussier *s  process  of  coating  pipes,  48^ 
Screens,  fish.  36^. 

"  flood  s 
Sections  of  maxitnum  rainfall 
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Seasons  of  floods,  68. 

rainfall.  47. 
Secular  fluctuations  in  rainfall,  60. 
Sediments,  530,  ^31. 
Service  pipes,  frictions  in,  table,  5s8» 
Services,  nigh  and  low,  534. 
Settling  oasiiis,  ^50. 
Sewage  impurities,  130a,  134. 

*'  cfilution  ot;  IS3, 

Shells  of  conduits,  434. 
Sheet-iron,  gauges  and  weights,  488. 
Sheet  piles,  371. 

**  under  embankment,  339. 

Short-tubes,  215,  316. 
Showers,  source  of.  45. 
Sines  of  slopes,  table,  359. 
Siphon,  i8a.  184. 

Site  for  embankment,  reconnoissance  for,  yfi^ 
Skillful  workmanship  required,  369. 
Sleeves,  pine,  479,  482. 
Slope,  earthwork,  344,  345. 

"     of  channels,  30a,  307,  308,  310,  339. 
••      paving,  348,  354.  355,  356,  358. 
"     puddled,  352. 
**  *'        embankment.  356. 

Slopes,  velocities  for  given,  358. 
Sluice  areas.  360. 

"      apertures,  c  efficients  for,  aoi,  aoa, 
305,  306. 
Rate  areas,  359, 
'*     temporary  stop-gate,  359. 
'       ^'      tunneled,  embankment,  356,  358. 
'*     valves,  iron,  160.  364. 
Sluices,  flow  througn,  300.  301,  203,  305, 
"       high  and  low,  204. 
'*       varying  head  on,  304. 
Smith's  (A.  V.)  adjustable  pipe,  364. 
Soils  beneath  embankments,  337. 

"     eva{X)ration  from,  no. 
Solutions,  organic,  532. 
"         in  water,  ixa. 
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Sprtngs  mnd  welLs  tos. 

*'       '*        "     supplying  capacity  oC,  no. 
^^      mineral,  141. 
**     under  embankments,  337. 
♦*  "     waters,  141. 

Stable  use  of  water,  34. 
Stand-pipe  foundations,  586.  ' 

••         materials,  590,  594,  595»  S9^f  S97»  6o«' 
Stand-pipes,  536,  564,  585,  609,  638. 

**  exposed,  «.,  585,  598,  599,  628. 

*'  moments  of  redstaoce,  588,  589. 

**  overturning  tendency,  588. 

•*  pressures  in,  593. 

*'  "         on,  599. 

**  stabilities,  589,  597. 

"  Tank,  ix,  585,  &8i3. 

**  wind  strains  on,  587. 

Static  pressures  in  pipes,  446. 
Stones,  building,  strengths  of,  404, 
Stop-gates  in  conduits,  374,  436W 
Stop- valve.  Coffin's,  493. 

**  cuibs.  515. 

"  Eddy  X  5x1. 

•'  Flbwers,  493. 

*•  Ludl«>w*s,  514, 

**  system,  51 X. 
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substratas  of,  85. 
losses  of  water,  84. 
of  water,  84. 

*'       '*      enecl  of  evaporation  on,  93, 
'*       **      influence  upon  continuous 

supply,  9^. 
*•       "      required,  95, 
reser\'oir,  84,  87,  03,  95,  97,  xoi,  338. 
embankment,  553. 
^*         substrata,  85. 
**         supply  to,  and  draught  from, 
table,  96. 
Storms,  j^reat  rain.  61. 
Strati,  con«  lit  ions,  146. 
Strains  on  sUntl-]»ipeN.  59^,  593,  599. 
Streams,  annual  flow  of,  77. 

*'        availabk*  annual  flow,  94, 
**        estimate-  oi  flow,  65,  78, 
flashy  aii<l  steady,  71. 
pauKimi,  s'A  316.  320,  322,  326, 
mean  montiily  flow  of.  70. 
iMinimuin.  mean,  and  flood  flow,  75. 
'  ordmiry  flow  of,  8^ 

'*        r.itio  o."  monthh  flow,  76. 
Strength  o*  cylindm  il  tantileveis,  599,  600, 

•'         ••  li.tUtuv  cyliruliicul  beams,  600. 
Stren^t'i--.  •>'  buiMinjj  s'.ones,  404. 
*•  "  >  \lin<lL'rs,  448.  5(y3. 

"  '•  inetals,  451,  454. 

*•  '•  riveted  joints,  591. 

"         ''  wrought  pipe  metals,  451,  486,  491. 
Sub-heails  coiiipared,  25 ^ 
Sub-mains,  ibaineteis  of,  507. 
Siib'ner^nl  orifices.  209. 
oublcrr.iiicau  reservoirs,  105. 
waters,  102. 
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100. 


"  waii-rs,  tciMi>eratiires  of.  120, 

*'  •'       iHK  ertainties   of  search 

tor.  10 '. 
'.'ubstnla  of  p  storaij;e  basm.  85. 
Mulbury  river  rainlall  ami  flow,  83a. 
.Supply  main,  diameter  of,  506. 

*•       to  and  drau}; lit  from  a  reservoir,  table, 

9^  97  ^    ^ 

SupplvinjT  capacity  of  watersheds,  94. 

Surcharged  i>ressure.  earth,  414,  416,  433. 

Surfaces,  pressure  of  water  upon.  391,  393. 

Surveys  l<»r  storage  reserv  jir,  347, 

Sources  of  water  supplies,  587. 
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Symbc^s,  definStkHls  Of,  »|5. 

Systems,  combined  reservoir  and  Arect,  51^ 

of  water  nipply,  609,  604. 

**      **     distnbutioa,  493, 505. 

•*  raintiaU,  47,  49,  50. 

T. 

(See  List  of  Tables,  page  xix.) 
Tank  materials.  59a. 
*^     stand-pipes,  ix.,  58s. 
**  **  lack  of  sUbility  of,  587,  ^ 

^98,  600. 
Temperatures,  artesian  well,  127. 

*'  ufdeepsob-«ur^cewateni,n& 

•*  *'  filter  beds,  555. 

**  **  water  in  pipes,  50a. 

Templets,  for  flange  bolt-holes,  460. 
Tenacities  of  wrought-pipe  meeds,  431,  4K 

49X. 
Tests  of  metal  plates,  590.  59X. 

*•      **  pipe  meUls,  47a,  590,  591. 
Testing  of  nydrometers,  335,  326. 
Theory  of  flow  over  a  weir,  378,  a8o. 
Thicknesses  of  a  curved -face  wall,  433. 
*•   dams,  table,  ^87. 

pi|>es,   tonnulas,   448,  45a,  ^ 

4S5,  486,  487. 
sUnd  pipe  sheets,  595,  596,  59). 

601. 
walls  for  w^cr-nressure,  399. 
wrought-pi|>c  shells,  447,  4^^ 

««  ,  .  488.  495.  597»  6o»- 

Thompson  s  molecular  estimate,  i^a. 

Thrusts  of  a  conduit  arch,  437. 

Timber  weirs  384* 

Transit,  use  in  gauging,  313,  318,  319. 

Transmission  of  pressures,  183. 

Traffic,  effect  upon  retaining  walls,  435. 

Trapezoidal  revetments,  table.  430. 

Treacherous  straUi  beneath  embankmeots,3)ft 

Trial  shafts,  at  embankment  sites,  336, 

Trigonometrical  equivalents,  618. 

Tube  gaupe,  317.  321. 

TuIk*j>.  coefficients  of  flow,  217,  319.  sao. 

**      compound.  220. 

*'      exi>eriraents  with  short,  217,  319,  aaa 

"      short,  213  2x5,  218,  220. 
Tubercles,  in  pipes,  247,  248. 
Turbine  water-wheels,  5iy,  585.  593,  597. 
Turned  pi.ie-joints,  45S. 
T>'7)e  curves  of  rainfall.  55,  57,  59. 

U. 

Uniform  eff^ect  of  natural  laws,  61. 
Union  of  hi;rh  and  low  services,  524. 
Units  of  heat  utiiize«l    578, 
Use  of  water  increasing,  39. 

V. 

Vacuum,  ajutage,  214. 

*'         imperiect,  short  tubes,  9x5. 
**         rise  of  water  into.  183. 
**         tendency  to  in  compound  tobea^  •»» 
*•         under  a  weir  crest.  792. 
Values  of  r'.  271. 

*•      "  A  and  //'.  table,  264. 

'•  pumpinj;  enj:ines  compared,  583. 
'*      *•  water  supplies  as  investments,  a^. 
Valves,  air,  ^21. 

blow-'»ff,  513. 
Cornish,  569,  570. 
'*       check,  525. 
**       curbs.  515. 
•*       disk.  571. 

double  beat,  5C9.  570. 
'*      flap,  se*. 
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ViillVeSfTron  sluice,  360,  yS^ 

**      piston,  569. 

**      power  required  to  open,  361,  364. 

"       pump,  558.  563,  s«.  568*  509.  570|  57«« 
stop,  ^6*.  493,  51  x.  513,  514. 
•*    indicator,  301. 
'*    system,  511. 
'*    waste,  5x3. 
Vanne  conduit,  438. 
VajTory  elements,  the,  45,  87. 
Variable  flow  through  pumps,  559. 
Varnishes  for  iron,  474,  ^76,  489. 
Veg^etal  growth  in  filter  beds,  555. 
V^etable  organic  impurities,  xa8. 
Velocity,  conver«*ion  mto  pressure,  aaj, 

**        equation,  modification  01,  270. 

**         formula  for,  249,  950. 

**         formulas  foi  pipes,  349.  350, 95a,  854, 
259»  263,  266,  267,  a«,  970,  373. 
Velocities  in  canals  and  channels,  30a,  307, 308, 
„  .  3'?t  3"»  3x4.  ?i8,  w,  325,  326,  330.  371,  373. 
Velocities  for  given  slopes,  table,  259. 

"        of  falling  bodies,  table,  190, 

••         **  flow  m  pipes.  2^6,  243.  949,  954. 

••         "  ^iven  films  in  channels,  3x1,  443. 

••        ratios  of  surface  to  mean,  «5,  443. 

**        relative,  due  to  diflferent  depths  In 
channels,  328. 

••        surface  in  channels,  3x3,  443. 

**        theoretical  table,  190. 
Vermin  in  canal  banks,  371. 
%^ertical  shiftintr  of  water,  365. 
Vir^nia  City,  wrought-iron  pipe,  48^ 
Voids  of  ear'tlis  and  rocks,  103. 
Volume  delivered  by  pipes,  table,  495, 

**      of  efliux  from  an  orifice,  X94,  aoo. 

••      "      •'      formula  for,  196. 

**      "^hydrant  streams,  585. 

**     ^ood  inversely  as   the  area  Of  the 
basin,  65. 
Volumes,  formulas,  for  flood,  6< 

•*        flood,  from  watersheds,  38x, 

"        relative,  due  to  different  depths  in 
channelsj  328. 

*  of  given  rainfalls,  62. 

•*       for  given  depth  upon  weirs,  890. 

*  from  waste  weirs,  table,  380^ 

W. 

Walls,  back  batters  of,  422. 
"      chamber,  369, 
••     c<)unterfort(Kl,  427, 
••     curved  face,  table,  423, 
**     earth  pressure  against,  408, 4x0^  4x8,  413, 

.4'5i  416. 
••     eiem .  11 1  s  of  failure,  427. 
•*      end  supports  of,  429. 
••      front  halters  of,  424. 
**     formula  of  thickness  for  water  preasore, 

399- 

•*  foundations  of,  395.  406,  407. 

•*  leverage  resistance  o^  40a. 

•*  tiOiitin^  pre.^sures  In,  404. 

**  of  concrete,  429,  430. 

•*  profiles  of,  407. 

**  retiiininar,  390.  393,  397,  399, 406, 4x7,  480, 

425,  42f.. 

••  to  retain  water,  table,  40a 

••  **  sustait)  traffic.  425, 

*  ton  breadths,  424. 
•*  wharf.  426. 

Waste  |)i|ies,  embankment,  357, 
"     sluice,  "  356b 

**     valves,  5T3. 

*  weir  apions.  383. 
••         "    ballast.  385. 

"        ••    formulas,  379. 


Waste  weir  vtslumes,  table,  #». 
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weirs,  377,  a8x.  386,  387. 
^'      discharsres  c 
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larges  over,  378. 
efiiect  of  ice  on,  386. 
forms  of,  382. 

lengths  for  given  waterBliedfl,^Bii 
thickness,  table,  387. 
Water,  analyses  of  potable,  1x7, 138. 
**      characteristics  <d,  X13,  X59,  x6x. 
*'      choice  of,  605. 
*•     clarification  of,  sv),  556*?. 
commercial  use  of,  34. 
compressibility  and  elasticity  oC^  167. 
consumption  of,  34, 503. 
crystalline  forms  of,  x6s. 
**     domestic  use,  34. 
•*      engine,  569. 
**     evaporation  from,  88,  89. 
**      expansion  of,  164, 166. 
•*      flow  of.  184.  X94. 
•*      force  of  falling,  388. 
'*      hose,  use  of.  34. 
'*      impregnations,  xx9, 141. 
*•      impurities,  1x2,138,  X4x, 
**      molecular  actions.  168.  X69. 
•*      physiological  office  of,  23. 
'*  "  effect  of  the  impurities  oC 

114. 
Water  pipes,  orcranisms  in,  129,  133. 

**      plant  and  insect  agencies  in,x3o,X47,556^. 

*'      pressure  leverage  of,  397, 

**  **       upon  surfaces,  x68,  176,  991 

393' 
•*      pumping  of,  557. 

••      rarity  of  clear,  ^30 

••      ratios  of  variable  flow,  564. 

**      relative  volumes  and  temperatures,  z6(Si 

•'      river,  151. 

••      sanitary  office  of.  z6. 

*•      solvent  powers  of,  X 13, 

••      spring,  14X. 

•*      storage  of,  84. 

•*      subterranean,  102. 

•*      sugar  test  :f  quality,  159. 

*'      supplietl,  3x.  35,  36,  37,  ^8.  ^. 

•*     supplies,  gathering  and  delivery,  s86ii 

**      supplies,  mcidental  advantages  of^ 2^ 

•*  "        necessities  of,  25. 

**      supply,  gravity,  606. 

••  "        permanence  of,  603. 

•*  '•        syntems  of,  603. 

•      the  compositio!!  of,  xi2,  13P. 

**      vertical  changes  in,  365. 

**      volumes  anu  weiglits,  table,  x6x,  164, 
x66. 

••      waste.  34. 

•*      weis  lit  of  constituents,  164. 

**  "      pressure  and  motion  of,  x6x. 

*•     well,  139. 

**      wheels.  559,  579. 

"      works,  construction  of,  333, 

*•      ram  in  pipes,  449. 

•*      sheds,  71,  100. 

•*         *'      flood  volumes,  62,  67,  68,  75,  g^ 
380,  38X. 

••         **       flow  from,  96. 

**         "       supplyinj^  capacity  of,  94. 

*'  *•       waste  weirs  required,  381. 

Weights  and  measures,  metric,  6x1. 
Weir  apron,  279. 
'*     benches,  384. 
*•     capSj  breadths,  386,  387. 
•*     coefficients.  288,  289,  29X. 
•*     crests,  278,  292,  293. 
*•     gaugine,  77. 
•'     over  ♦alls,  377. 
Weirs,  crest  contraction^  280, 

dimensions  of,  978,  279,  386,  387, 
discharges  over,  table,  289,  9890, 99a 
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Wein,  esperimenti  with  luge,  184. 
*'     forms  of,  277,  386,  387. 
**      formula  lor  wide-crested,  993. 
**  ♦«       .»    depth  upon,  a86, 087. 

**      formulas,  aSa,  283,  384,  a86. 
**     gratiu(;s  in  front  ul,  393. 
**     Hook-giiuge  for,  297. 
**      initial  velocity  of  approach  to,  385,  a9a. 
**      isolate  I  waste,  383. 

measuring,  377,  295. 

rule  KAUge  for,  398. 

stability  of,  279,  386,  387. 
"      tail-water  of,  2^. 
**      thickness  of  waste,  386,  387. 
*'      triangular  notch,  294,  295. 
*^      tube  ami  scale-gau|;e  for,  398. 
**      timber,  384. 
^'      vurving  lengths,  279. 
**      volumes,  formulas  for,  383,  383,  384, 

986,  287,  293. 
**      waste,  3J7,  383,  386,  387. 
*•      wide-cre.sted,  293. 
Weight,  a  line  a  measure  of,  273. 


a  measure  of  pressure,  17^. 
and  volume  of  water,  table,  x66 
leversse  of  masonry,  398. 
**       of  ponu-water,  167. 
We^hts  of  cast  pipes,  465,  468,  469. 
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Weights  of  embankmeiit  nuuerkb^  341,  yn, 

»•       "  molecules,  x68. 
Well,  intercepting,  546. 
**     water,  139. 
**     waters,  analyses  of,  121. 
Wells  and  springs,  tea,  110. 

condition  of  oversowing,  107. 
fouling  ui  old,  140. 
influence  upon  each  other,  107. 
impurities  ot  deep,  125. 
looition  tnr,  139. 
water-^lled^  ot.  xc8. 
Western  rain  system,  47. 
Whari,  cap-log',  426. 

**       fender  and  belay  piles,  437. 
**       walls,  42ft. 
Wind  leverage  on  tanks,  588,  589,  598,  599. 

^^      strains  on  stand-pipes  5B7. 
Winds,  destructive  actions.  5t6.  587. 

^*       resultant  on  curved  surface,  587. 
Wood  pip«»,  491. 
Woltmann's  tachometer,  32a. 
Workmanship,  skilliul,  319. 
Wrought-iron  pipes.  479. 

;*     pipe  joint,  cast,  483. 
**  *'     plates,  gauges  and  weiglita,  4 

WydioS*s  wood-pipe,  491. 


